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CAPISTRANO FORMATION, ORANGE COUNTY, 
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ApstraAcT—Fifty-nine species and varieties of Foraminifera are recognized and 
figured from the Capistrano formation, Orange County, California. Of these, two 
new species and four new varieties are described, and one new name is suggested. 
Siltstones and shales comprising the lower portion of the Capistrano formation are 
shown to contain foraminiferal assemblages belonging to the upper Mohnian stage 
of the Miocene. The upper portion of the formation, which for the most part is 
composed of sandy siltstones, contains foraminiferal faunas similar to those in the 
upper part of the Repetto formation (lower Pliocene) of the Los Angeles Basin. 
Evidence is advanced to support the conclusion that the assemblages typical of 
the middle and lower portion of the Repetto are not represented due to biofacies 
peculiarities rather than missing strata. 
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INTRODUCTION base a definite age assignment. Megafossils 






ys ne sediments considered in this study found in the region were indicative of the 
i if) : : . . *s* 
AYA Temps the Capistrano” formation, Pioeene, but there was a polity that 
if in the vicinity of the city of San , ; ; q 
ea a oo © 7 7 younger overlying beds. Diatoms found in 


Juan Capistrano, California, and were first . 
described in print by Woodford in 1925 as a the lower shales and siltstones suggested an 
part of his investigation of the San Onofre UPPEr Miocene age for : hese rocks, and were 
Breccia. The formation crops out along the correlated with the diatoms of the — 
itis eatin dinteace tetenen Tae Miocene deposits near Monterey, California. 










an attempt to gain additional and more 
conclusive evidence for an age assign- 
ment. One hundred sixty scattered outcrop 
samples were collected in the area near San 
Juan Capistrano, but only a small percent- 
age yielded Foraminifera. Because of the 
lack of diagnostic microfossils in most of the 

1 Acknowledgment is made to the management samples, a Soon lete vertical section could 
The Texas __ sna for permission to publish Ot be studied; however, diagnostic faunal 
this paper. assemblages were obtained from both the 
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and was said to contain beds of fine sand- 
stone, usually high in quartz and sometimes 
feldspathic, with the sand predominating 
at the top of the formation. At the time 
these sediments were named, there was very 
little paleontologic evidence upon which to 
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has Point and San Clemente, and extends in- pi ae _— ipod sti Pliocene, of rhe 
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lower and upper portions of the formation 
(White, 1952). 

I wish to express my sincere appreciation 
to Dr. O. L. Bandy of the University of 
Southern California for first calling my at- 
tention to the problem, as well as for his 
continuous helpful suggestions while the 
study was in progress. Many thanks are 
also due to J. M. Hamill of The Texas Com- 
pany, W. H. Holman of the Standard Oil 
Company of California, Boris Laiming of 
The Texas Company and Dr. A. O. Wood- 
ford of Pomona College for their suggestions, 
and to Miss Ruth Todd of the United 
States National Museum, and to Dr. 
Brooks Ellis of the American Museum of 
Natural History for comparing several 
specimens with the types. 


TExtT-F1G. 1—Generalized location of the Capistrano formation, showing the area considered in 
this investigation (adapted from Woodford, 1925). 


HISTORICAL REVIEW 

Previous work in the region around San 
Juan Capistrano has been very limited. The 
southern-most portion of the State was in- 
cluded in several of the early geological 
reports by Goodyear (1890), Fairbanks 
(1893), Watts (1900), McLaughlin and 
Waring (1914), Ellis and Lee (1919), and 
Vander Leck (1921), but until 1925 there 
was no attempt to investigate the rocks in 
the area under discussion. 

In 1925, Woodford, in connection witha 
study of the San Onofre breccia, described 
the lithology of the sediments and gave 
them the name Capistrano formation. At 
that time no detailed map of the entire 
formation was given, although the genera 
extent was shown on a small-scale geologic 
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CALIFORNIA PLIOCENE-MIOCENE FORA MINIFERA 


Since the publication of Woodford’s 
ron the San Onofre breccia, the region 
has been entirely neglected by subsequent 
quthors except for the following excerpts: 
Reed (1933, p- 238) states that, ‘‘Wood- 
fords ‘Capistrano Formation,’ is now known 
to be at least in part lower Pliocene (Repet- 
to) in age..." Reed & Hollister (1936, 
125) briefly mention the Capistrano re- 
gon in noting that the Pliocene Los Angeles 
Basin “was the apical part of the Tertiary 
Capistrano embayment.” Kleinpell (1938, 
», 168), in discussing the lower Pliocene 
grata of California, points out that the 
najor part of the Capistrano formation 
probably should be referred to the lower 
Pliocene. Driver (1948, p. 116) mentions 
very briefly that sediments of both Mio- 
cene and Pliocene age are present near San 


Juan Capistrano. 


map 


THE CAPISTRANO FORMATION 


Two distinct foraminiferal assemblages 
yere found within the Capistrano formation, 
and each of these faunas is restricted to a 
gdimentary unit which usually is distin- 
guishable from the other in the area under 
consideration in this report. The lower part 
of the formation is composed of over 1500 
feet of well-consolidated fractured siltstones 
and some shale beds, with sands developed 
near the base. For convenience this part of 
the formation will be referred to as the lower 
Capistrano. The overlying 300 to 400 feet 
of somewhat lighter-colored, loosely con- 
slidated siltstones and sands will be re- 
fered to as the upper Capistrano (Text- 
fig. 2). 

Lower Capistrano.—The lower Capistrano 
rests directly on the Monterey shale, and 
according to Woodford (1925, p. 216), the 
contact is conformable or nearly so. This 
part of the formation is well exposed along 
U.S. Highway 101 between Dana Point and 
San Clemente, where it forms a steep bluff 
along the northeast side of the road. Scat- 
teed outcrops throughout the area show 
that for the most part the lower Capistrano 
iscomposed of dark to medium brown, well 
consolidated but highly fractured siltstone 
which exhibits a hackly texture on freshly 
broken surfaces. Beds of shale occur locally 
within this siltstone, and limestone nodules 
ot lenses are common at some horizons. 
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Relatively large amounts of sulphur and 
gypsum were noted at many of the outcrops. 
A breccia and coarse sandstone is exposed 
at the extreme western edge of Doheny 
State Beach, which Woodford (1925, p. 
216) placed at the base of the Capistrano 
formation. The sand grades upward into 
finer sediments, becoming inter-bedded 
with shales and then eventually giving way 
to the typical siltstone which comprises the 
greater part of the lower Capistrano forma- 
tion. 

Although abundant remains of diatoms, 
radiolaria and sponges are present through- 
out the siltstone, Foraminifera are entirely 
lacking except at one horizon. A number of 
small specimens of a thin-shelled mollusc, 
Hyalopecten peckhami (Gabb), occur at one 
point in a shale bed which corresponds to 
USC Locality 150. Several samples from the 
bluff along U. S. Highway 101 (USC Lo- 
cality 150) yielded abundant Foraminifera, 
but these fossiliferous zones were limited 
to a fifteen foot bed of brown, thinly lami- 
nated diatomaceous shale which weathers 
almost to white. This foraminiferal stratum 
is approximately 600 feet below the lowest 
occurrence of a Pliocene assemblage. No 
Foraminifera were recovered from this 600 
foot interval of siltstone, but the diatoms, 
radiolaria and sponge spicules which are so 
typical of the lower unit of the Capistrano 
formation are present throughout. 

The foraminiferal fauna which occurs at 
this point in the Capistrano formation is 
rather difficult to classify, in that it has af- 
finities to both the Mohnian and the Del- 
montian stages of the upper Miocene. Table 
1 lists the species present and shows their 
frequency and distribution in the Miocene 
of California as given by Kleinpell (1938), 
and Woodring, Bramlette & Kew (1946, p. 
36-39). This table shows that the majority 
of the previously reported species are long- 
ranged and are found in both the lower Del- 
montian and the Mohnian, but two indi- 
viduals, Bolivina bramlettet and Bolivina de- 
curtata are not reported above the Mohnian. 
The presence of these two species in the as- 
semblage suggests that the fauna should be 
considered Mohnian. The relatively large 
number of species of Bolivina present at this 
locality contributes additional evidence for 
the Mohnian, as that stage contains numer- 
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TEXT-FIG. 2—Generalized map showing the distribution of the Miocene and Pliocene units of the 
Capistrano formation south of San Juan Capistrano, California. For clarity, a thin veneer of Pleisto 
cene terrace material which extends along the coast has been omitted. Base map adapted from the 


Dana Point Quadrangle, U. S. Geol. Survey, 1949. 





EXPLANATION OF PLATE 27 


Fic. 1—Siphotextularia flintii (Cushman), X70. a, side view; b, apertural view. 

2,3—Marginulinopsis capistranoensis White, n. sp. 2, holotype, X38. a, side view; }, apertural 
view; c, edge view. 3, paratype, X38. a, side view; b, apertural view; c,edge view. 

4,5—Glandulina laevigata d'Orbigny, X63. 4, side view, uniserial form; 5, a, side view, biserial 
form; b, apertural view, biserial form. 

6—Marginulinopsis capistranoensis White, n. sp. Paratype, X31. Side view. 

7—Lagena alcocki White, n. name, X 100. a, side, view; 5, apertural view. 

8—Robulus cushmani Galloway & Wissler, X38. a, edge view; b, side view. 

9—Nonion pompilioides (Fichtel & Moll), X63. a, edge view; b, side view. ’ 

10—Nonionella miocenica Cushman, X76. a, dorsal view; 6, edge view; c, ventral view. 

11—Pullenia malkinae Coryell & Mossman, X70. a, side view; b, peripheral view. 
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CALIFORNIA PLIOCENE-MIOCENE FORA MINIFERA 


TaBLE 1.—DISTRIBUTION OF LOWER 
CAPISTRANO FORAMINIFERA IN THE 
UprER MIOCENE 








— . . . 
Abundance of specimens in the Capistrano 
formation: 
A—abundant C—common R—rare 
X—reported distribution in California 
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ous representatives of the genus, whereas its 
members are usually less common in the Del- 
motian. There is no denying that the 
fauna is closely related to the younger stage, 
however, and this fact, in addition to the 
lack of other species which are limited to the 
Mohnian, leads the author to the conclusion 
that the assemblage should be placed in the 
uppermost part of the Mohnian stage. It 
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should be noted that Locality 150 falls 
within the upper part of the section of Mio- 
cene Capistrano, and no Foraminifera were 
found in the siltstones and shales either at 
the top or at the base; thus, the evidence of 
upper Mohnian at this horizon does not ex- 
clude the possibility that somewhat older 
Mohnian assemblages could be present with- 
in the unit. Also, it is possible that typical 
Delmontian may be present higher in the 
section, although no such faunal evidence 
was found. 

A possible correlative unit occurs at Ma- 
laga Cove approximately 50 miles to the 
northwest, where the Malaga mudstone 
member of the Monterey shale is well ex- 
posed. The Malaga mudstone is lithological- 
ly identical to parts of the lower Capistrano 
and contains abundant radiolaria, diatoms 
and sponge spicules similar to those of the 
Capistrano formation. The only recorded 
Foraminifera are from localities 23, 24, and 
25 of Woodring, Bramlette & Kew (1946) 
which are more typically Delmontian, how- 
ever, than the assemblages from USC Lo- 
cality 150. The possibility that these two 
units are equivalent at least in part is wor- 
thy of consideration, since at this time sev- 
eral hundred feet of upper Miocene sedi- 
ments above USC Locality 150 have not as 
yet yielded Foraminifera, and could con- 
ceivably contain assemblages with a younger 
aspect than those thus far encountered. 

Upper Capistrano—The upper Capis- 
trano beds directly overlie the consolidated 
siltstone described previously, and are typ- 
ically composed of a loosely consolidated, 
light brown to gray, micaceous, siltstone. 
Near the base this unit is better lithified and 
in some areas even exhibits fracturing, mak- 
ing it difficult to distinguish from the under- 


EXPLANATION OF PLATE 28 


Fic. !—Eponides tener (Brady), X59. a, dorsal view; b, edge view; c, ventral view. 
2—Eponides subtener (Galloway & Wissler). X59. a, ventral view; }, edge view; c, dorsal view. 


3—Valoulineria araucana (d’Orbigny), X80. a, ventral view; b, dorsal view; c, edge view. 
+€-Gyroidina altiformis R. E. & K. C. Stewart, X65. a, dorsal view; b, edge view; c, ventral 


view. 
5—Gyroidina soldanii multilocula Coryell & Mossman, X65. a, dorsal view; b, edge view; c, 


ventral view. 


6—Cibicides mckannai Galloway & Wissler, X63. a, dorsal view; b, edge view; c, ventral view. 
7—Planulina ornata (d’Orbigny), X63. a, ventral view; b, edge view; c, dorsal view. 
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lying Miocene sediments. The contact ap- 
pears gradational in most of the area in- 
vestigated, except at one point near the 
mouth of Deep Canyon at Capistrano Beach 
where the lower Capistrano siltstone abrupt- 
ly gives way to a poorly consolidated sandy 
siltstone. The upper portion of the forma- 
tion is well exposed in several ravines about 
one mile inland due north of Dana Point 
(USC Localities 145 and 146). Several arti- 
ficial outcrops have been formed by road 
cuts along Del Obispo Street on the west 
side of San Juan Creek (USC Locality 147), 
and along U. S. Highway 101 on the east 
side of the creek (USC Locality 148). Poor 
exposures are offered by cuts along a ranch 
road (USC Locality 149) approximately 
8/10 of a mile east of USC Locality 148. 
Scattered individual samples were also col- 
lected throughout the area, and those con- 
taining diagnostic Foraminifera are shown 
on the accompanying map (Text-fig. 2). 
Foraminifera, although not widespread, 
are usually very abundant when present. 
Diatoms, radiolaria, and sponge spicules are 
practically nonexistent in this upper portion 
of the Capistrano formation. The foraminif- 
eral assemblages present at USC Localities 
145 through 149 are comparable to faunas 
found in the upper part of the Repetto for- 
mation in the central part of the Los Angeles 
Basin, and contain representatives of gne or 


TABLE 2.—INDIVIDUAL FOSSILIFEROUS SAMPLES 
NOT INCLUDED WITHIN USC Loca titTigs 145 
TO 150. SEE TExT- FIG. 2 FOR LOCATIONS 








Bs —_ Fossil remains Age 





32 sponge spicules, di- 
atoms, radiolaria | upper Miocene 





46 foraminifera upper Mohnian 
47 foraminifera upper Mohnian 
50 sponge spicules, ra- | 

diolaria upper Miocene 
104 foraminifera lower Pliocene 


116 foraminifera lower Pliocene 
120 sponge spicules, di- 
atoms, radiolaria | upper Miocene 
121 foraminifera lower Pliocene 
124 sponge spicules, di- 
atoms, radiolaria | upper Miocene 


129 sponge spicules upper Miocene 
132 sponge spicules, ra- 

diolaria upper Miocene 
133 sponge spicules, ra- 

diolaria , upper Miocene 











TABLE 3.—DISTRIBUTION OF PLiocENg 
FORAMINIFERA IN THE UppgR 
CAPISTRANO FORMATION 


ea aieiaii ===. 
A—abundant C—common R—tare 
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cies: Bolivina subadvena sulphurensis, Bult- 
mina rostrata, Bulimina subcalva, Nonwn 
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Jioides and Plectofrondicularia califor- 
ia. Table 3 lists all species, and shows their 
distribution at the five previously mentioned 
localities. 

PALEOECOLOGY 

Upper Miocene. USC Locality 150.—The 
assemblage of Foraminifera found in the 
buf overlooking U. S. Highway 101 south 
of Capistrano Beach (USC Locality 150), is 
considered to belong to the uppermost part 
of the Mohnian stage of the California Mio- 
cene. Drawing paleoecologic conclusions 
tased on the environmental habits of spe- 
ces which are still living today obviously 
becomes increasingly difficult in proportion 
to the age of the fossil assemblage to be con- 
sidered. Only four of the species present at 
this locality are reported living off the coast 
of California. 

The fauna from this locality is dominated 
by two closely related species of Bulimi- 
nala, B. curta and B. subfusiformis, which 
comprise approximately 78 per cent of the 
entire assemblage. B. curta is not recorded 
by Natland (1933) in his study of Recent 
Foraminifera from off this coast, although 
B. subfusiformis was encountered. The 
known close association of these two forms 
in other areas indicates similar environ- 
mental habits, and thus they will be con- 
sidered together for the purposes of this 
study. Cassidulina cushmani, Epistominella 
smithi and Valvulineria araucana, which to- 
gether compose less than two per cent of the 
assemblage, were reported from the Pacific 
Ocean by Natland (1933) and Bandy (1953) 
in their investigations of Recent Forami- 
nifera. None of the other species are known 
to exist in our present oceans. The depths 
of water preferred by these four species as 
shown by the two previously mentioned au- 
thors are: Buliminella subfusiformis (B. 
curta), 1700’ to 2200’; Cassidulina cush- 
mani, 920’ to 5400’; Epistominella smithi, 
1800’ to 2400’; Valvulineria araucana, 
2000’ to 2800’. With the exception of C. 
cushmani, which has a rather wide toler- 
ance, all indicate a similar preference as to 
depth of water with the average between 
2000 and 3000 feet. 

Lower Pliocene. USC Localities 145 to 149. 
—Assemblages from USC Localities 145 to 
149 are lower Pliocene in age and correlate 
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with faunas in the upper Repetto formation 
(upper part of the lower Pliocene) of the 
Los Angeles Basin. 

An examination of the species’ depth dis- 
tribution off California as given by Natland 
(1933), Crouch (1952) and Bandy (1953) is 
revealing. The majority of species show a 
preference for waters ranging in depth from 
900 to 3000 feet, with the average between 
2000 and 3000 feet. A small number are 
found inhabiting deeper zones below 4000 
feet. The latter, incidentally, include the 
species which are most diagnostic of the 
Repetto, but this is not inconsistent with 
their occurrence elsewhere, as they seem to 
be widely distributed throughout the lower 
Pliocene, regardless of supposed depositional 
depths. With so wide a range of preferences, 
an average of the depths for all individuals 
could not be expected to give a very accu- 
rate figure for the deposition of these as- 
semblages. Inasmuch as most of the species 
are typical of the shallower water, they 
could be considered as indicating the sedi- 
mentary environment of the Pliocene part 
of the Capistrano formation. However, the 
few individuals present which are usually 
found living well below 4000 feet might be 
considered indicative of an environment at 
least as deep as 4000 feet, as their associa- 
tion with the much more abundant shallow 
water Foraminifera may be due in part to 
the displacement of some shallower types 
into deeper water. Considering both aspects 
of the foregoing, 2000 to 4000 feet seems a 
conservative estimate of water depth for 
these sediments. A consideration of these 
presumed environmental preferences and 
the presence of several well established 
Repetto markers leads to the conclusion that 
paleoecologically, the Pliocene part of the 
Capistrano formation is equivalent to the 
upper portion of the Repetto formation of 
the central Los Angeles Basin. 


RELATIONSHIP OF THE UPPER 
AND LOWER CAPISTRANO 


Included within the boundaries of the 
Capistrano formation are sediments con- 
taining both Miocene and Pliocene fora- 
miniferal assemblages. Of vast importance, 
and certainly worthy of considerable atten- 
tion is the fact that there is no faunal evi- 
dence of the lowermost portion of the Plio- 
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cene (middle and lower Repetto formation 
equivalents). Of secondary importance is 
the missing Delmontian stage of the upper 
Miocene, although this may possibly be 
represented in time at least, by the non- 
foraminiferal silts overlying the Mohnian 
horizon. The apparent absence of acon- 
tinual faunal sequence within the formation 
might be explained in several manners, the 
more likely of which are an unconformity, 
a depositional interruption, or biologically, 
as some environmental control acting upon 
the foraminiferal population at the time of 
deposition. Each of these is discussed below 
and all evidence, both favorable and un- 
favorable, is presented for each. 

In the opinion of Driver (1948, p. 116), 
the Miocene and Pliocene sediments of this 
area are separated by an unconformity. This 
explanation is certainly readily adaptable 
to the paleontological findings, and would 
easily explain the apparent absence of as 
much as 1000 feet or more of sediments. 
Structural evidence in support of this ex- 
planation is not present, however. No ero- 
sional break was found, but rather on the 
contrary, the lithology both above and be- 
low the contact denotes a gradation rather 
than a definite break. A common occurrence 
of molluscan fragments (predominantly 
Pectinidae) at USC Locality 149 could be 
considered evidence of shallow, near shore 
waters, and hence suggestive of an uncon- 
formity, except that the Foraminifera from 
this same horizon indicate deeper seas 
(+3000 feet). Under these circumstances it 
is logical to assume that the molluscs which 
prefer a shallow water environment were 
transported either by current action or tur- 
bidity flows to depths greater than their 
normal habitat. Although the presence of an 
unconformity is the easiest explanation of 
the faunal break, there is no reasonable 
paleoecological or structural evidence to 
support such a conclusion. 

Numerous authors throughout the world 
have reported instances of present-day 
ocean bottoms which lack any Recent sedi- 
ments due to the sweeping action of cur- 
rents. In these cases the exposed bottom 
rocks range from Cretaceous or older to 
Pleistocene, so that such a break between 
Miocene and Pliocene sediments is certainly 
feasible. However, the possibility that such 
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a submarine unconformity, or lack of de 
sition, could be responsible for the break j 
foraminiferal sequence in the Capistran 
formation is remote. Such areas of nop, 
deposition are usually submarine highs 
which, although often at great depths are 
continually subjected to relatively stron 
current action. Revelle & Shepard (1939), in 
discussing sedimentation off the California 
coast, note that areas where submarine un- 
conformities are developed are character. 
ized by rocky outcrops and sediments of yp. 
even texture. When far from shore, these 
areas have Foraminifera, calcareoys frag. 
ments and glauconite as the chief constity. 
ents of the bottom veneer, since all the fine 
clastic material is removed by the currents, 
The very nature of the Pliocene-Miocene 
boundary within the Capistrano formation 
rules out the application of a submarine yp. 
conformity. No evidence of submarine ero. 
sion or of relatively coarse, poorly sorted 
clastic material was encountered at the top 
of the upper Miocene sediments, either ad. 
jacent to or directly at the contact. On the 
contrary, the formation exhibits a gradual 
change from a highly fractured, well con- 
solidated siltstone, to a less indurated and 
more sandy siltstone as the Miocene-Plio. 
cene boundary is crossed. Furthermore, no 
glauconite is present either in the Miocene 
or Pliocene, and calcareous fragments are 
lacking except at USC Locality 149 as 
previously mentioned. A period of non- 
deposition of the magnitude required to ac- 
count for the missing middle and lower Re- 
petto type faunas certainly could be ex- 
pected to leave some record in the rocks 
involved. The lack of any significant evi- 
dence of depositional interruption suggests 
further consideration of the theory is un- 
necessary. 

Studies of Recent Foraminifera have 
shown that faunas vary in accordance to 
their environmental influences such as 
depth, temperature, salinity, etc. These fac- 
tors appear to become of greater impor- 
tance, causing more noticeable changes in 
the population, in the waters of medium 
and shallow depths. Reports by Natland 
(1933), Crouch (1952) and Bandy (1953) on 
Recent Foraminifera off the California coast 
have shown a decided link between the fos- 
sil assemblages of the southern California 
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and the living assemblages found 
ng depths in today’s ocean. In gen- 
oT ies las demonstrated that deep 
yater living faunas are similar to the older 
Piiocene faunas, and that the shallower 
yater living faunas have affinities for 
younger fossil assemblages. The Previous 
discussion of paleoecology, which indicated 
the water depths of the upper Capistrano 
Foraminifera to be between 2000 and 4000 
fet, offers two possibilities for a locale of 
‘tion which could be responsible for a 
misleading foraminiferal fauna. 

The Capistrano area is located on the 
outskirts of the large Los Angeles basin 
yhich received thousands of feet of sedi- 
ments during the late upper Miocene and 
Pliocene. During the lower Pliocene the 
central portion of the basin is thought to 
have been well over 5000 feet deep with 
depths reaching closer to 7000 feet or more 
in the early stages of deposition. The Plio- 
cene Capistrano formation being on the 
edge of this basin would have been de- 
posited in shallower water than contempo- 
rary sediments nearer the center. Thus, the 
formation could be expected to contain 
“young” shallower water foraminiferal fau- 
nas equivalent in age to the deeper and older 
appearing assemblages of the central basin 
area. A second possibility is that the Capis- 
trano deposition actually was limited to a 
separate basin having a relatively shallow 
sill depth. Crouch (1952) found that in such 
basins the foraminiferal population was 
governed by the depth of the sill, and that 
the assemblages did not change with depth 
below this feature. This was attributed to 
the almost constant temperature (regard- 
less of depth) which occurs in the basins 
below their sills. In this case the basin of 
deposition of the upper Capistrano would 
have had a sill depth ranging somewhere 
between 2000 and 4000 feet, which would 
thus have given the assemblages their 
“young” aspect, although the deposition 
took place in the early Pliocene. 

Regardless of which of these two expla- 
tations is preferred, the results are the same. 
Both account for the foraminiferal assem- 
blages’ variation from the typical lower- 
most Pliocene faunas found elsewhere. The 
conclusion that these assemblages are ab- 
sent either by lateral variation within a 


single basin, or through control by a basin 
sill, is not offered as the only alternative. It 
is considered to be the most likely explana- 
tion for the apparently missing Pliocene 
strata. 


CONCLUSIONS 


1. Foraminiferal assemblages found with- 
in the Capistrano formation indicate that 
rocks of both upper Miocene and lower 
Pliocene age are included within its bound- 
aries. The upper part of the formation, 
which is lower Pliocene, contains a fauna 
similar to the upper Repetto formation of 
the Los Angeles Basin, and the fauna from 
the lower part of the Capistrano is believed 
to belong to the uppermost part of the 
Mohnian stage of the Miocene. 

2. The lithologic characters of the Mio- 
cene and Pliocene units, although quite 
similar in some areas, typically display 
enough individuality to allow them to be 
distinguished throughout the area studied. 
The Miocene siltstones are dark to medium 
brown, well consolidated and highly frac- 
tured, whereas the Pliocene siltstones are 
usually somewhat lighter in color, less con- 
solidated and are sandier than the older sedi- 
ments. 

3. The change in lithology from the Mio- 
cene to Pliocene is gradational in most of 
the area. 

4. Deposition is thought to have been 
continuous across the Miocene-Pliocene 
boundary, with a water depth of +3000 
feet. 

5. No foraminiferal evidence of the Del- 
montian stage was found, but a 600 foot in- 
terval at the top of the Miocene may repre- 
sent this stage. 

6. Biofacies variations are considered as 
the most likely explanation for the missing 
lowermost Pliocene (middle and lower 
Repetto formation equivalents) foraminif- 
eral assemblages. 


SYSTEMATICS 


Many of the species common in the Los 
Angeles Basin area which are represented in 
this study were figured, and more nearly 
complete synonomies and descriptions given 
by Martin (1952). The Capistrano forms 
were compared with Martin’s hypotypes, 
and, in those cases where the species are 
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identical, the descriptions are omitted and 
the synonomies are shortened to avoid 
needless repetition. 

All holotypes and hypotypes are de- 
posited in the paleontological collection of 
the University of Southern California, Los 
Angeles, California. The figures were drawn 
by the author. 


Family TEXTULARIIDAE d’Orbigny, 1826 
Genus SIPHOTEXTULARIA Finlay, 1939 
SIPHOTEXTULARIA FLINTII (Cushman) 

Pl. 27, fig. 1a,b 
Textularia flintii CusHMAN, 1911, U. S. Nat. 

Mus., Bull. 71, p. 21, fig. 36a,b; Recent, Guam. 

CusHMAN, 1921, U. S. Nat. Mus., Bull. 100, 

vol. 4, p. 113-114, pl. 22, fig. 4; Recent, At- 

lantic. Fema. STEWART & STEWART, 1930, 

Trans. San Diego Soc. Nat. Hist., vol. 6, p. 50, 

pl. 1, fig. 1a,b; Pliocene, California. 
Siphotextularia flintii Martin, 1952, Contr. 

Cushman Found. Foram. Res., vol. 3, p. 117, 
_ pl. 17, fig. 1la-c; Pliocene, California. 

In many of the specimens encountered in 
the Capistrano formation the aperture is 
situated diagonally in respect to the septal 
face of the last chamber. The development 
of this angle varies with the individual, but 
is well illustrated by the figured specimen. 

Hypotype-—USC No. 3534, lower Plio- 


cene. 


Genus GLANDULINA d’Orbigny, 1839 
GLANDULINA LAEVIGATA d’Orbigny 
Pl. 27, fig. 4, 5a,b 

Nodosaria (Glandulina) laevigata vD’ORBIGNY, 
1826, Ann. Sci. Nat., vol. 7, p. 252, pl. 10, fig. 
1-3; type level not designated. 

Glandulina laevigata Croucn, 1952, Bull. Amer. 
Assoc: Petrol. Geol., vol. 36, p. 823, pl. 1, fig. 
11; Recent, Pacific. MARTIN, 1952, Contr. 
Cushman Found. Foram. Res., vol. 3, p. 118, 
pl. 17, fig. 3a,b; Pliocene, California. (See this 
reference for synonomy.) 

Specimens showing a biserial stage in the 
early portion of their tests (Pl. 27, fig. 5) 
have been included in this category as they 
are identical to the characteristic individuals 
in all other respects. 

Holotype.—USC No. 3516, lower Pliocene. 


_ Genus LaGENA Walker & Boys, 1784 
° LAGENA ALCOCKI White, n. name 
tee: Pl. 27, fig. 7a,b 
Entosolenia williamsoni AtcocK, 1865, (not 
’ Lagena williamsoni Harvey & Bailey, 1854) 
Lit. Philos. Soc. Proc., vol. 4, p. 193; Recent, 
England. 


Lagena williamsont WRIGHT, 1876-77 Belf 
Nat. Field Club Proc., appendix 4, p, io4 mn 
fig. 14. CusuMaN, 1923, U. S. Nat. Mus, * 
104, p. 61, pl. 11, fig. 8,9; Recent, Irish Cou 
CusHMaNn, 1927, Bull. Scripps Instit. Oceano, 
raphy, Tech. Ser., vol. 1, p. 146; Reoen 
Pacific. CusHMAN, 1929, Contr. Cushman Lat 
Foram. Res., vol. 5, p. 70, pl. 11, fig, 78. 
Pliocene, California. i Ay STEWwarr § 
STEwaRT, 1930, Trans. San Diego Soc Nat 
Hist., vol. 6, p. 59, pl. 8, fig. 5; Pliocene. Cal. 
fornia. CusHMAN, 1933, U. S. Nat. Mus. Bull 
161, p. 34, pl. 8, fig. 8; Recent, Pacific, Banpy 
1944, Jour. Paleo., vol. 18, p. 369, pl. 60 fy 
13; Eocene, Oregon. CUSHMAN & McCuttocy 
1950, Allan Hancock Pac. Exped., vol. 6 5 
362, pl. 48, fig. 14,15; Recent, Pacific Octa? 
NATLAND, 1950, Geol. Soc. Amer., Memoir 43 
pt. 4, p. 13, pl. 4, fig. 5; Pliocene, Carmen 
Island. MARTIN, 1952, Contr. Cushman Found 
Foram. Res., vol. 3, p. 122, pl. 18, fig. 10ab: 
Pliocene, California. sibs 


Test unilocular, subglobular, and some. 
what elongate, round in cross section, taper. 
ing inward from a wide rounded apical end: 
test is slightly constricted near the aper. 
tural end, which is marked by a reticulate 
area consisting of three rows of large pores: 
below this the wall is finely perforate and 
ornamented by about 14 high longitudinal 
costae; aperture is located at the end of a 
short tube-like neck just above the reticv- 
late collar. 

Since the name Lagena williamsoni Har- 
vey & Bailey, 1854 preoccupies Entosolenia 
williamsoni Alcock, 1865, this new name is 
proposed in honor of the original author. 

Hypotype-—USC No. 3520, lower Plio- 
cene. 


Genus MARGINULINOPSIS Silvestri, 1904 
MARGINULINOPSIS CAPISTRANOENSIS 
White, n. sp. 
Pl. 27, fig. 2a—c, 3a-c, 6 


Test elongate, early portion compressed 
and coiled, later chambers becoming recti- 
linear and inflated, until nearly circular in 
cross section; edge of coiled portion rounded 
but with a narrow keel which may extend 
upward onto the inflated chambers; sutures 
of the coiled part slightly curved, limbate, 
raised, with from 5 to 8 parallel elongate 
bosses giving a resemblance to costae; su- 
tures in the later part becoming nearly 
straight, narrow and depressed; wall finely 
perforate, the uncoiled portion often with 
about 14 vertical costae which may be poor- 
ly developed; aperture radiate, terminal on 
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the periphery. Length of holotype (PI. 27, 
i¢.2), 0.75 mm. eipetieae.s 

These forms show a wide variation in or- 
tation as shown in the slightly raised 
or costae of the holotype (PI. 27, fig. 
1), and the bold costae and bosses of the 
two paratypes (Pl. 27, fig. 3, 6). Individuals 
ranging between these two extremes are 
common; for that reason, all are con- 
dered to be the same species. 

Holotype—USC No. 3521, lower Plio- 
ene, USC Locality 145. 

Paratypes.—Fig. 3, USC No. 3567; fig. 6, 
USC No. 3568. 


namen 


Genus RopuLus Montfort, 1808 
RoguLUS CUSHMANI Galloway & Wissler 
Pl. 27, fig. 8a,b 

Robulus cushmani GALLOWAY & WIsSLER, 1927, 
Jour. Paleo., vol. 1, p. 51, pl. 8, fig. 11; Pleisto- 
cene, California. NATLAND, 1950, Geol. Soc. 
Amer., Memoir 43, pt. 4, p. 11, pl. 4, fig. 4; 
Pliocene, Carmen Island. 


Test medium sized for genus, subcircular 
in side view, lenticular in edge view, pe- 
riphery sharply keeled; chambers 7 in last 
whorl, uniform but gradually increasing in 
size as added; sutures widely limbate, 
dightly raised, nearly straight and joining 
inthe center of the test to form a large um- 
bo of opaque shell material; wall smooth, 
fnely perforate; aperture radial, on the sep- 
tal face of last chamber at the periphery, 
with a narrow straight opening extending 
downward on the face of the chamber for a 
short distance. 

Hypotype—-USC No. 3531, lower Plio- 


cene. 


Family NONIONIDAE Reuss, 1860 
Genus NoNION Montfort, 1808 
NoNION POMPILIOIDES (Fichtel & Moll) 
Pl. 27, fig. 9a,b 


Nowtilus pompilioides FicHTEL & MOLL, 1798, 
Test, Micr., p. $1, pl. 2, fig. a-c; Recent, Medi- 
terranean. 

Nonion pompilioides Croucu, 1952, Bull. Amer. 
Assoc. Petrol. Geol., vol. 36, p. 826, pl. 1, fig. 
13,14; Recent, Pacific. MARTIN, 1952, Contr. 
Cushman Found. Foram. Res., vol. 3, p. 123, 
pl. 19, fig. 2a,b; Pliocene, California. (See this 
reference for synonomy.) BaNpy, 1953, Jour. 
— vol. 27, p. 177, pl. 21, fig. 12; Recent, 
acific, 


Hypotype—USC No. 3523, lower Plio- 
cene, 


Genus NONIONELLA Cushman, 1926 
NONIONELLA MIOCENICA Cushman 
Pl. 27, fig. 10a-c 


Nonionina auris CUSHMAN, 1926, (not d’Orbigny), 
Contr. Cushman Lab. Foram. Res., vol. 1, p. 
91, pl. 13, fig. 4a-—c; Miocene, California. 

Nonionella miocenica CUSHMAN, 1926, Contr. 
Cushman Lab. Foram. Res., vol. 2, p. 64; upper 
Miocene, California. CUSHMAN, STEWART & 
STEWART, 1930, Trans. San Diego Soc. Nat. 
Hist., vol. 6, p. 61, pl. 8, fig. 6a—c; Pliocene, 
California. CusHMaAN, 1939, U. S. Geol. Survey, 
Prof. Paper 191, p. 31, pl. 8, fig. 9; Miocene, 
California; Recent, off coast of Mexico. Cusn- 
MAN & McCuttocn, 1940, Allan Hancock 
Pacific Exped., vol. 6, p. 161, pl. 18, fig. 1; Re- 
cent, Alaska to Costa Rica. BANpy, 1950, 
Jour. Paleo., vol. 24, p. 275, pl. 41, fig. 6a-c; 
middle or upper Pliocene, Oregon. 


Test subcircular in side view, an elongate 
oval in marginal view, periphery broadly 
rounded, slightly lobulate; early coils par- 
tially visible on dorsal side, ventral side 
completely involute; chambers 8 to 9 in last 
whorl, uniform, gradually increasing in size 
as added, slightly inflated, last chamber with 
lobe extending to the umbilicus on the ven- 
tral side; sutures somewhat depressed, 
curved; wall smooth, finely perforate; aper- 
ture a slit on the periphery at the base of 
the last chamber extending along the lobe 
toward the ventral side. 

Hypotype-—USC No. 3524, lower Plio- 


cene. 


Genus PULLENIA Parker & Jones, 1862 
PULLENIA MALKINAE Coryell & Mossman 
Pl. 27, fig. 11a,b 
Pullenia malkinae CoRYELL & MossMAN, 1942, 

Jour. Paleo., vol. 16, p. 234, pl. 36, fig. 3,4; 

Pliocene, Panama. NATLAND, 1950, Geol. Soc. 

Amer., Memoir 43, pt. 4, p. 35, pl. 9, fig. 14; 

Pliocene, Carmen Island. Martin, 1952, 

Contr. Cushman Found. Foram. Res., vol. 3, 

p. 124, pl. 19, fig. 4a,b; Pliocene, California. 

(See this reference for synonomy.) 

Some variation in thickness of the speci- 
mens was noted. The individual figured is 
less compressed than is typical of the spe- 
cies. 


Hypotype-—USC No. 3529, lower Plio- 
cene. 


Family ROTALUDAE Reuss, 1860 
Genus VALVULINERIA Cushman, 1926 
VALVULINERIA ARAUCANA (d’Orbigny) 

Pl. 28, fig. 3a—c 


Rosalina araucana D’ORBIGNY, 1839, Voy. Amer. 
Merid., vol. 5, p. 44, pl. 6, fig. 16-18; Recent, 
Pacific, 
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Valvulineria araucana CUSHMAN, 1927, Bull. 

Scripps Inst. Oceanography, Tech. Ser., vol. 1, 

. 160, pl. 4, fig. 7,8; Recent, Pacific. KLEIN- 
ELL, 1938, Miocene Strat. California, p. 307; 

Miocene, California. CUSHMAN, STEWART & 

STEWART, 1947, Oreg. Dept. Geol. and Min. 

Ind., Bull. 36, p. 20, 3, fig. 1; Miocene, 

Oregon. CroucH, 1952, Bull. Amer. Assoc. 

Petrol. Geol., vol. 36, p. 834, pl. 4, fig. 7,8; 

Recent, Pacific. 

Test smaller than average for genus, sub- 
circular in side view, nearly equally biconvex 
in edge view, periphery broadly rounded 
and moderately lobulate; chambers from 6 
to 7 in last whorl with 2} whorls visible on 
the dorsal side; sutures slightly depressed 
on both the dorsal and ventral sides, slight- 
ly curved dorsally, straight ventrally; last 
formed chamber extending into the umbo 
and forming a small flap; wall smooth with 
medium perforations; aperture a narrow 
slit at base of last chamber and extending 
under the flap on the ventral side. 

Although the specimens from this area ap- 
pear to agree with most previous authors’ 
concepts of the species, it should be noted 
that d’Orbigny’s original figure indicates a 
much thinner individual with a sharp pe- 
riphery. 

Hypotype-—USC No. 3543, upper Mio- 
cene; also occurs in lower Pliocene. 


Genus EponipEs Montfort, 1808 
EPONIDES SUBTENER (Galloway & Wissler) 
Pl. 28, fig. 2a—c 


Rotalia subtenera GALLOWAY & WISSLER, 1927, 
Jour. Paleo., vol. 1, p. 60, pl. 10, fig. 4; Pleisto- 
cene, California. 

Eponides subtenerus Croucn, 1952, Bull. Amer. 
Assoc. Petrol. Geol., vol. 36, p. 834, pl. 5, fig. 
6,7; Recent, Pacific. 


Eponides subtener MARTIN, 1952, Contr 
man Found. Foram. Res., vol. 3, p. 124 ph 
figs. 6a-c; Pliocene, California. | Pm 195, 
Jour. Paleo., vol. 27, p. 177, pl. 23, fig'8; he 
cent, Pacific. ff: 


Hypotype.—USC No. 3514, lower Pliocene 


EPONIDES TENER (Brady) 
Pl. 28, fig. 1a-c 


Truncatulina tenera H. B. Brapy, 1884 
Voy. Challenger, Zool., vol. 9, p. 655 pl 95, 
fig. 1la—c; Recent, Atlantic, Pacific, '* 

Eponides tenera CUSHMAN, 1927, Bull. Scr; 
Inst. Oceanography, Tech. Ser., vol. 1, p. 163 
pl. 5, fig. 6,7; Recent, Eastern Pacific. , 

Eponides umbonatus Croucu, 1952, Bull. Amer 
Assoc. Petrol. Geol., vol. 36, p. 836, pl. § fig. 
8,9; Recent, Pacific. —— 

Eponides tener MARTIN, 1952, Contr. Cushman 
Found. Foram. Res., vol. 3, p. 124, pl. 19, fg 
7a-c; Pliocene, California. ( this reference 
for synonomy.) BANDy, 1953, Jour. Paleo 
vol. 27, p. 177, pl. 23, fig. 3; Recent, Pacific.’ 


This species is included in Eponides ym. 
bonatus (Reuss) by some authors but is set 
apart from that form by its slightly curved 
ventral sutures and the absence of a pe. 
ripheral keel which appears in the type fig. 
ure of Reuss and is absent in the figure of 
Brady. 

Hypotype-—USC No. 3515, lower Plio- 
cene. 


Genus GyrorpDINA d’Orbigny, 1826 
GYROIDINA ALTIFORMIS 
R. E. & K. C. Stewart 
Pl. 28, fig. 4a—c 
Gyroidina soldanti var. altiformis R. E. & K.C. 
STEwakT, 1930, Jour. Paleo., vol. 4, p. 67, pl.9, 
fig. 2a—c; Pliocene, California. 
Gyroidina altiformis BERMUDEZ, 1949, Special 
Publ. 25, Cushman Lab. Foram. Res., p. 251. 








EXPLANATION OF PLATE 29 


Fic. 1—Orbulina universa d’Orbigny, X58. 


2—Chilostomella czizeki Reuss, X59. a, side view; b, front view; c, top view. 

3—Bolivina acuminata Natland, X63. a, side view; 5, apertural view. ws 

4—Bolivina argentea Cushman, X30. a, side view; b, apertural view. 

5,6—Bolivina bramilettei Kleinpell. 5, immature form, X84. a, side view; 6, apertural view. 6, 


typical 


specimen, X59. 

7—Bolivina Fem Cushman, X59. a, side view; b, apertural view. 
8—Bolivina foraminata R. E. & K. C. Stewart, X56. a, side view; 6, apertural view. 
9,10—Bolivina seminuda humilus Cushman & McCulloch. 9, poorly preserved, questionable form. 

X56, a, side view; b, apertural view. 10, typical form, X52, a, side view; }, apertural view. 
11—Bolivina semiperforata Martin, X63. a, side view; 6, apertural view. 
12—Bolivina sinuata Galloway & Wissler, X56. a, side view; 6, apertural view. 
13—Bolivina pocheensis White, n. sp. Holotype, X76. a, side view; b, apertural view. 
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ergs” ee —. ane. 
Geol., vol. 36, p. , pl. 4, fig. 10,11; 
Peas Pacific MARTIN, 1955, Contr. Cush- 
man Found. Foram. Res., vol. 3, p. 125, pl. 19, 

- $a-c; Pliocene, California. (See this refer- 
ence for synonomy.) 


Hypotype-—USC No. 3518, lower Plio- 
cene. 


a fig. 64-66; upper Oligocene, Dominican 
blic. 


GyROIDINA SOLDANII MULTILOCULA 
Coryell & Mossman 
Pl. 28, fig. 5a—c 
Gyroidina soldanit var. multilocula CorvELL & 
MossMAN, 1942, Jour. Paleo., vol. 16, p. 237, 
36, fig. 20; Pliocene, Panama. MartIN, 

1952, Contr. Cushman Found. Foram. Res., 

vol. 3, p. 125, pl. 20, fig. 1a—c; Pliocene, Cali- 

fornia. 

Test subacute in side view, unequally bi- 
convex in edge view, dorsal side low, ventral 
side high, 33 whorls visible on dorsal side, 
only last whorl seen on ventral; chambers 
10 to 12 in last whorl, gradually increasing 
in size as added; sutures limbate and raised 
on dorsal side, raised slightly on ventral 
side, almost radial on both sides; ventral 
face with an extremely deep umbilicus in 
which the sutures are visible; wall smooth, 
very finely perforate; aperture a low arched 
opening at base of last chamber. 

Specimens were compared with the holo- 
type of Gyroidina soldanii var. multilocula 
by Brooks F. Ellis and found to belong to 
that variety although it was noted that the 
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periphery of the Capistrano form is “‘some- 
what sharper,” and the central area of the 
evolute side is less distinct. 

Hypotype-—USC No. 3519, lower Plio- 
cene. 


Genus CrsicipEs Montfort, 1808 
CIBICIDES MCKANNAI Galloway & Wissler 
Pl. 28, fig. 6a—c 


Cibicides mckannai GALLOWAY & WISSLER, 1927, 
Jour. Paleo., vol. 1, p. 65, pl. 10, fig. 5,6; 


Pleistocene, California. Croucu, 1952, Bull. 
Amer. Assoc. Petrol. Geol., vol. 36, p. 842, 
pl. 7, fig. 11,12; Recent, Pacific. 

Test unequally biconvex with ventral 
side slightly more convex than the dorsal, 
edge sharp, periphery slightly lobate, from 
9 to 10 chambers in the last whorl, with 4 
whorls visible on the dorsal side, although 
secondary filling in the center of the test 
may obscure the early coils. A raised umbo 
usually is well developed on the ventral 
side; chambers uniform, gradually increas- 
ing in size, slightly inflated on the dorsal 
side, sutures limbate, dorsal sutures slight- 
ly curved in early portion of test, develop- 
ing a pronounced curve with last few cham- 
bers, ventral sutures slightly sigmoid; wall 
coarsely perforate on both sides; aperture on 
the periphery, at the base of the last cham- 
ber, extending on to the dorsal side along 
the spiral suture for one or two chambers, 
with a narrow lip. 

This species exhibits some variation as to 





EXPLANATION OF PLATE 30 


Fic. 1—Bolivina subadvena sulphurensis Cushman & Adams, X49. a, side view; b, apertural view. 
2—Plectofrondicularia advena (Cushman), X31. a, side view; 6, apertural view. 
3—Plectofrondicularia californica Cushman & R. E. Stewart, X33. a, side view; b, apertural 


view. 


+—Bulimina affinis d’Orbigny, X38. a, side view; 6, apertural view. 

5—Bulimina denudata deformata Cushman & Parker, X63. a, side view; b, apertural view. 
6—Bulimina pagoda hebespinata R. E. & K. C. Stewart, X63. a, side view; b, apertural view. 
7—Bulimina rostrata Brady, X84. a, side view; b, apertural view. 

8—Bulimina subacuminata Cushman & R. E. Stewart, X70. a, side view; b, apertural view. 
9—Bulimina subcalva Cushman & K. C. Stewart, X56. a, side view; b, apertural view. 
10—Globobulimina pacifica curtata White, n. var. Holotype, X61. a, side view; 6, apertural 


view. 


11—Virgulina nodosa R. E. & K. C. Stewart, X51, a, side view; b, apertural view. 
12—Buliminella curta Cushman, X105. a, side view; b, top view. 
13—Buliminella subfusiformis Cushman, X56. Side view. 
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thickness, the figured specimen being an ex- 
tremely thickly developed individual with a 
relatively large umbo. Most of the speci- 
mens from this area however, were found to 
compare favorably with the original illus- 
tration of Galloway & Wissler. 

Hypotype-—USC No. 3509, lower Plio- 
cene. 


Genus PLANULINA d’Orbigny, 1826 
PLANULINA ORNATA (d’Orbigny) 
Pl. 28, fig. 7a—c 

Truncatulina ornata vD’ORBIGNY, 1839, Voy. 
Amer. Merid., vol. 5, Foraminiferes, p. 40, pl. 6, 
fig. 7,9; Recent, Chile. 

Planulina ornata CUSHMAN, 1927, Bull. Scripps 
Inst. Oceanography, Tech. Ser., vol. 1, p. 176, 
pl. 6, fig. 12; Recent, Eastern Pacific. Cusu- 
MAN, STEWART & STEWART, 1930, Trans. San 
Diego Soc. Nat. Hist., vol. 6, p. 78, pl. 7, fig. 
7a—c; Pliocene, California. CORYELL & Moss- 
MAN, 1942, Jour. Paleo., vol. 16, p. 237, pl. 36, 
fig. 2,3; Pliocene, Panama. CUSHMAN & Gray, 
1946, Special Publ. 19, Cushman Lab. Foram. 
Res., p. 44, pl. 8, fig. 9-12; Pleistocene, Cali- 
fornia. BANDy, 1953, Jour. Paleo., vol. 27, p. 
177, pl. 24, fig. 4; Recent, Pacific. 

Test plano-convex, much compressed, 
dorsal side flat or sometimes slightly con- 
cave, previous whorls partially visible on 
ventral side although usually somewhat ob- 
scured by secondary filling of shell ma- 
terial; chambers 8 to 9 in last formed whorl, 
gradually increasing in size, the last three or 
four usually slightly inflated; sutures lim- 
bate and very strongly curved on both sides 
almost joining the periphery tangentially; 
wall very coarsely punctate; aperture on 
periphery at base of septal face and extend- 
ing along spiral suture on dorsal side for 
three chambers with noticeable lip. 

Hypotype-—USC No. 3526, lower Plio- 


cene. 


Family CHILOSTOMELLIIDAE Brady, 1884 
Genus CHILOSTOMELLA Reuss, 1850 
CHILOSTOMELLA CZIZEKI Reuss 
Pl. 29, fig. 2a—c 
Chilostomella czizeki Reuss, 1850, Denkschr. 
Acad. Wis. Wien., vol. 1, p. 380, pl. 48, fig. 13; 
Miocene, Austria. Martin, 1952, Contr. 
Cushman Found. Foram. Res., vol. 3, p. 126, 
pl. 20, fig. 7a—c; Pliocene, California. (See this 
reference for synonomy.) * 


Hypotype-—USC No. 3508, lower Plio- 
cene. , 


Family ORBULINIDAE Schultze, 1854 
Genus ORBULINA d’Orbigny, 1839 
ORBULINA UNIVERSA d’Orbigny 
Pl. 29, fig. 1 

Orbulina universa D'ORBIGNY, 1839, De La 
Hist. Phys. Pol. Nat. Cuba. Foraminiferes .’ 
2, pl. 1, fig. 1; Recent, type locality not given, 
MarTIN, 1952, Contr. Cushman Found 
Foram. Res., vol. 3, p. 128, pl. 21, fig. 4. Pi 
cene, California. (See this reference for P 4 
onomy.) - 


Hypotype—USC No. 3525, lower Phi. 
cene. 


Family HETEROHELICIDAE Cushman, 1977 
Genus BoLivina d’Orbigny, 1839 
BOLIVINA ACUMINATA Natland 
Pl. 29, fig. 3a—b 

Bolivina_subadvena var. serrata NATLAND 1938 
(not Chapman, 1892), Scripps Inst. Oceanog. 
raphy, Bull., Tech. Ser., vol. 4, p. 145, pl. § 
fig. 8,9; Recent, Pacific. CusHMAn & McCut. 
LocH, 1942, Allan Hancock Pacific Exped 
vol. 6, p. 213, pl. 26, fig. 14; pl. 27, fig. 1): 
Recent, Pacific. is 

Bolivina subadvena var. acuminata Natianp 
1946, in Cushman & Gray, Special Publ. 19 
Cushman Lab. Foram. Res., p. 34, pl. 5, fig. 46: 
Pleistocene (reworked Pliocene and Miocene), 
California. CUSHMAN, STEWART & Stewart, 
1949, Oregon Dept. Geol. and Min. Ind., Bull, 
36, p. 153, pl. 17, fig. 10a,b; Pliocene, Washing. 
ton. 

Bolivina acuminata NATLAND, 1950, Geol. Soc, 
Amer., Memoir 43, pt. 4, p. 22, pl. 5, fig 
21a,b; Pliocene, Carmen Island. Banpy, 1953, 
Jour. Paleo., vol. 27, p. 176, pl. 24, fig. 6; 
Recent, Pacific. 


Test medium sized, elongate, two times as 
long as wide, rhomboid in cross section, 
periphery sharp with a serrate keel; initial 
end broad in megalospheric forms and 
pointed in microspheric individuals, sides 
gently tapering from the broadest point just 
below the last pair of chambers; chambers 
uniform, gradually increasing in size as 
added, 9 to 12 pairs in adult specimens; su- 
tures limbate, slightly arched, making an 
angle of approximately 45 degrees with the 
periphery; wall smooth with medium sized 
perforations. Aperture a slit on the septal 
face of last chamber. 

Hypotype.—USC No. 3482, lower Pliocene. 


BOLIVINA ARGENTEA Cushman 
Pl. 29, fig. 4a,b 


Bolivina argentea CUSHMAN, 1926, Contr. Cush- 
man Lab. Foram. Res., vol. 2, p. 42, pl. 6, fig. 
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. Pliocene, California. NATLAND, 1950, Geol. 
bag nny Memoir 43, pt. 4, p. 20, pl. 5, fig. 
13a,b; Pliocene, Carmen Island. Croucu, 1952, 
Bull, Amer. Assoc. Petrol. Geol., vol. 36, p. 828, 

1. 3, fig. 1; Recent, Pacific. MARTIN, 1952, 
Contr. ushman Found. Foram. Res., vol. 3, 

128, pl. 21, fig. 5a,b, 6a,b; Pliocene, Cali- 
vais. (See this reference for synonomy.) 


Hypotype.-—USC No. 3483, lower Plio- 
cene. 


BoOLIVINA BRAMLETTEI Kleinpell 
Pl. 29, fig. 5a,b, 6 
‘sina beyrichi var. alata RANKIN, 1931, in 
povote (not Bolivina alata Sequenza, 1862] U.S. 
Geol. Survey, Prof. Paper 165-C, p. 113; upper 


fiocene. : 
anus bramlettei KLEINPELL, 1938, Miocene 


Stratigraphy of California, p. 267, pl. 21, fig. 

9-11; upper Miocene, California. 

Test medium sized, elongate, compressed, 
about two times as long as wide, periphery 
acute with a narrow keel, developing a 
spine at the peripheral end of each chamber; 
initial end blunt, rapidly increasing in size 
until greatest width reached about half way 
up the test; chambers uniform, gradually in- 
creasing in size, 7 to 8 pairs in adult indi- 
vidual; sutures narrow, depressed, steeply 
arched forming a shallow reentrant at base 
of each chamber, and meeting the periphery 
tangentially; wall smooth with medium to 
coarse perforations; aperture a narrow slit 
on septal face of last chamber. 

Hypotype—USC No. 3484, upper Mio- 
cene. 


BOLIVINA DECURTATA Cushman 
Pl. 29, fig. 7a,b 

Bolivina decurtata CUSHMAN, 1926, Contr. Cush- 
man Lab. Foram. Res., vol. 2, p. 44, pl. 6, fig. 
7a,b. CUSHMAN, 1937, Special Publ. 9, Cush- 
man Lab. Foram. Res., p. 118, pl. 14, fig. 10; 
Pliocene, California. KLEINPELL, 1938, Mio- 
cene Stratigraphy of California, p. 270, pl. 21, 
fig. 3,8; Miocene, California. 


Test elongate, compressed, about 2 times 
as long as wide, periphery narrow but 
rounded, sides tapering inward gradually 
toward initial end from the widest point of 
test approximately 2 chambers below aper- 
ture; chambers 8 or 9 pairs, gradually in- 
creasing in size and height as added, not in- 
fated; sutures highly curved toward center 
of test, becoming straightened near periph- 


ery, arched upward, making an angle of 
50 to 55 degrees with the periphery; wall 
smooth, with medium sized perforations; 
aperture a narrow slit at base of septal face 
of last chamber. 

Hypotype-—USC No. 3486, upper Mio- 
cene. 


BOLIVINA FORAMINATA R. E. & 
K. C. Stewart 
Pl. 29, fig. 8a,b 
Bolivina seminuda var. foraminata. R. E. & K.C. 
STEWART, 1930, Jour. Paleo., vol. 4, p. 66, pl. 
8, fig. 5a,b; Pliocene, California. CUSHMAN, 
1937, Special Publ. 9, Cushman Lab. Foram. 
Res., p. 119, pl. 14, fig. 11; Pliocene, California. 
KLEINPELL, 1938, Miocene Stratigraphy of 
California, p. 281; upper Miocene, California. 
Bolivina foraminata CORYELL & Mossman, 1942, 
Jour. Paleo., vol. 16, p. 239, pl. 36, fig. 34; 
Pliocene, Panama. 


Test elongate, slightly twisted, 2 times as 
long as wide, initial end narrow, but gradual- 
ly increasing in size with the addition of 
each pair of chambers; periphery broadly 
rounded, slightly lobulate; chambers slight- 
ly inflated, 8-9 pairs, nearly twice as wide 
as high, sutures strongly curved in center of 
test, becoming straight, and making an 
angle of nearly 90 degrees with the periph- 
ery; wall smooth with medium perfora- 
tions, upper portion of all but the early 
chambers free of pores; aperture a narrow 
slit on the lower part of the septal face of 
last chamber. 

Hypotype-——USC No. 3488, upper Mio- 


cene. 


BOLIVINA POCHEENSIS White, n. sp. | 
Pl. 29, fig. 13a,b 


Test small, 2} times as long as wide, some- 
what compressed in cross section, initial 
end narrow, but gradually increasing in size 
as chambers are added; periphery rounded, 
chambers very slightly inflated, with 8-10 
pairs; sutures slightly curved, with a down- 
ward arch, meeting the periphery at ap- 
proximately an 80 degree angle; wall 
smooth, with fine to medium perforations, 
the upper portion of the last few chambers 
always free of pores and with the early por- 
tion of the test exhibiting this feature in 
some individuals; aperture a narrow slit on 
the septal face of last chamber. Length, 
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0.33 mm.; width, 0.14 mm.; thickness, 0.09 
mm. 

Holotype-—USC 3569, upper Miocene. 
USC Locality 150. 


BOLIVINA SEMINUDA HUMILIS 
Cushman & McCulloch 
Pl. 29, fig. 9a,b, 10a,b 

Bolivina seminuda CusHMAN, 1937 (part), Spe- 
cial Publ. 9, Cushman Lab. Foram. Res., p. 
142, pl. 18, fig. 14-15 (not 13); Recent, Pa- 
cific. 

Bolivina seminuda var. humilis CUSHMAN & Mc- 
Cuttoca, 1942, Allan Hancock Pacific Exped., 
vol. 6, p. 211, pl. 26, fig. 1-6; Recent, Pacific. 
Test elongate, about 2} times as long as 

wide, greatest width reached about 3 of the 

distance from the initial end, gradually 
tapering from small proloculum, oval in 
cross section; chambers closely appressed, 
very slightly inflated near apertural end, 

1} to 2 times wider than high, 8 to 10 pairs; 

sutures curved, arching downward; wall 

smooth with medium perforations, upper } 
of chambers clear, with no pores; aperture 

a narrow slit on septal face of last chamber. 
Hypotype-—USC No. 3489, upper Mio- 

cene. 


BOLIVINA SEMIPERFORATA Martin 
Pl. 29, fig. 11a,b 


Bolivina semiperforata Martin, 1952, Contr. 
Cushman Found. Foram. Res., vol. 3, p. 129, 
pl. 21, fig. 10a,b, 11a,b; Pliocene, California. 


Hypotype-—USC No. 3490, lower Plio- 
cene. 


BOLIVINA SINUATA Galloway & Wissler 
Pl. 29, fig. 12a,b 


Bolivina sinuata GALLOway & WISSLER, 1927, 
Jour. Paleo., vol. 1, p. 71, pl. 11, fig. 9a,b; 
Pleistocene, California. CUSHMAN, 1937, Spe- 
cial Publ. 9, Cushman Lab. Foram. Res., p. 
120, pl. 14, fig. 19,20; Pliocene, California. 
Martin, 1952, Contr. Cushman Found. 
Foram. Res., vol. 3, p. 129 pl. 22, fig. 1a,b; 
Pliocene, California. 


Hypotype-—USC No. 3491, upper Mio- 
cene; also occurs in lower Pliocene. 


BOLIVINA SUBADVENA SULPHURENSIS 
Cushman & Adams 
Pl. 30, fig. 1a,b 
Bolivina subadvena var. sulphurensis CUSHMAN & 
Apams, 1935, Contr. Cushman Lab. Foram. 
Res., vol. 11, p. 20, pl. 3, fig. 8,9; Pliocene, Cali- 
fornia. CUSHMAN, 1937, Special Publ. 9, Cush- 
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man Lab. Foram. Res., p. 117, pl. 12, fig 


late Tertiary, California. Martin, 195) Cont 


Cushman Found. Foram. Res., vol. 
pl. 22, fig. 4a,b, 5a,b; Pliocene, Califor, 

Hypotype-—USC No. 3493, lower Plio 
cene. P 


Genus PLECTOFRONDICULARIA 
Liebus, 1903 
PLECTOFRONDICULARIA ADVENA 
(Cushman) 
Pl. 30, fig. 2a,b 
Frondicularia inaequalis H. B. Br 

Costa), Rep, Voy. Challenger, Zool’ a's 

521, pl. 66, fig. 8-12; Recent, Atlantic, Paci 
Frondicularia advena CUSHMAN, 1923, U.S. Nat 

Mus. Bull. 104, p. 141, pl. 20, fig. 1, 2: Recent 

Atlantic. GALLoway & WisSLER, 1927, Jour 

Paleo., vol. 1, p. 47, pl. 8, fig. 7,8; Pleistocene 

California. CUSHMAN, STEWART & Stewagr 

1930, Trans. San Diego Soc. Nat. Hist., vol, ¢ 

p. 57, pl. 3, fig. 5; Pliocene, California. Cusg. 

MAN & Gray, 1946, Special Publ. 19, Cushman 

Lab. Foram. Res., p. 15, pl. 3, fig. 16; Pleisto. 

cene, California. MARTIN, 1952, Contr, Cush. 

man Found. Foram. Res., vol. 3, p. 117, pl. 

17, fig. 2a,b; Pliocene, California. 

Test elongate, highly flattened, tapering 
gradually from wide apertural end to nar. 
row initial end, periphery thin but rounded, 
chambers strongly equatant, added bj- 
serially in early portion, soon becoming uni- 
serial, 10 or more in the mature forms; su- 
tures slightly depressed; wall smooth, fine- 
ly perforate; aperture terminal, a small oval 
opening surrounded by very low rim. 

Miss Ruth Todd examined the holotype 
and paratype of Frondicularia advena in ad- 
dition to a number of other specimens on 
file at the U.S.N.M. in Washington D.C, 
and was unable to distinguish any radiate 
markings around the aperture. The definite 
biserial character of the early portion (men- 
tioned as ‘‘coiled in part’’ in the original de- 
scription) and the absence of a radiate aper- 
ture, indicate the inclusion of this form in 
the genus Plectrofrondicularia rather than 
Frondicularia. 

Hypotype—USC No. 3527, lower Plio- 
cene. 


PLECTOFRONDICULARIA CALIFORNICA 
Cushman & R. E. Stewart 
Pl. 30, fig. 3a,b 
Plectofrondicularia californica CUSHMAN &. R. E 
STEwaRT, 1926, Contr. Cushman Lab. Foram. 
Res., vol. 2, p. 39, pl. 6, fig. 9-11; Pliocene, 
California. CUSHMAN, STEWART & STEWAR!, 
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n Dept. Geol. Min. Ind., Bull. 36, 
ws, bs fig. 2a,b; Miocene, Oregon. Mar- 
P4952, Contr. Cushman Found. Foram. 


™ ‘vol. 3, p- 130, pl. 22, fig. 6a,b, 7a,b; 
Pfiocene, California. (See this reference for 
synonomy-) 


Hypotype.—USC No. 3528, lower Plio- 


cene. 
Family BULIMINIDAE Jones, 1876 
Genus BULIMINA d’Orbigny, 1826 
BULIMINA AFFINIS d’Orbigny 
Pl. 30, fig. 4a,b 
“ai is D'ORBIGNY, 1840, in Sagra, 
ol , ce politica y natural de la ide te 

Cuba, Foraminiferes, vol. 6, p. 109, pl. 2, fig. 

25.26; Recent, Cuba. CUSHMAN, 1922, U. S. 

Nut. Mus. Bull. 104, p. 103, pl. 20, fig. 6; 

Recent, Atlantic. CUSHMAN & PARKER, 1940, 

Contr. Cushman Lab. Foram. Res., vol. 16, p. 

7, pl. 2, fig. 1-4; Recent, Cuba. Croucn, 1952, 

Bull. Amer. Assoc. Petrol. Geol., vol. 36, p. 

926, pl. 1, fig. 15; Recent, Pacific. BANDy, 1953, 

Jour. Paleo., vol. 27, p. 176, pl. 24, fig. 9; Re- 

cent, Pacific. 

Test large, subround in cross section, 
about 1} times as long as the diameter, in- 
creasing very rapidly in size from the blunt 
initial end to the widest portion just below 
the mid-point; chambers about 3 per whorl, 
elongate, inflated, later chambers embracing 
the upper half of test; sutures slightly de- 
pressed; wall smooth with medium perfora- 
tions; aperture subterminal, a loop-shaped 
opening with large protruding tooth, on the 
inner face of last chamber. 

Hypotype -USC No. 3494, lower Plio- 
cene. 


BULIMINA DENUDATA 
DEFORMATA Cushman & Parker 
Pl. 30, fig. 5a,b 


Bulimina pagoda CUSHMAN, STEWART & STEW- 
art, 1930 (not Cushman), Trans. San Diego 
Soc. Nat. Hist., vol. 6, p. 66, pl. 5, fig. 6a-c; 
Pliocene, California. 

Bulimina pagoda var. deformata CUSHMAN & 
PaRKER, 1938, Contr. Cushman Lab. Foram. 
_ vol. 14, p. 58, pl. 10, fig. 3a—c; Pliocene, 


ornia. 

Bulimina denudata var. deformata CUSHMAN & 
Parker, 1947, U. S. Geol. Survey, Prof. Paper 
210-D, p. 118, pl. 27, fig. 15. 

5ulimina marginata NATLAND, 1950, (not 
d'Orbigny), Geol. Soc. Amer., Memoir 43, pt, 4, 
p. 17, pl. 5, fig. 5a,b; Pliocene, Carmen Island. 


Test elongate, subround in cross section, 
about 1} to 2 times as long as wide, tapering 
gradually from wide apertural end to near 


pointed initial end, periphery highly irreg- 
ular due to the extreme undercutting of 
the chambers toward the sutures; chambers 
3 per whorl with approximately 6 whorls 
forming a mature specimen, except in the 
very early portion every chamber undercut, 
and all chambers having a series of short 
spines along the projecting edges; sutures 
depressed; wall smooth, very finely perfo- 
rate; aperture a comma-shaped opening in a 
slight depression on the inner face of the last 
chamber. 

Hypotype-—USC No. 3495, lower Plio- 
cene. 


BULIMINA PAGODA HEBESPINATA 
R. E. & K. C. Stewart 

Pl. 30, fig. 6a,b 
Bulimina pagoda var. hebespinata R. E. & K. C. 
STEWART, 1930, Jour. Paleo., vol. 4, p. 63, pl. 
8, fig. 3a,b; Pliocene, California. CusHMaN & 
PARKER, 1938, Contr. Cushman Lab. Foram. 
Res., vol. 14, p. 55, pl. 9, fig. 6,7; Pliocene, 
California. CUSHMAN & PARKER, 1947, U. S. 
Geol. Survey, Prof. Paper 210-D, p. 117, pl. 27, 
fig. 9,10; Pliocene, California. CusHMAN, 
STEWART & STEWART, 1949, Oregon Dept. 
Geol. and Min. Ind., Bull. 36, p. 152, pl. 17, 

fig. 11; Pliocene, Washington. 


Test elongate, about 2 times as long as 
wide, gradually increasing in size from 
sharp initial end to maximum thickness at 
next to last whorl; chambers inflated, 3 per 
whorl, globular, sharply undercut, with sev- 
eral well developed spines arranged in a row 
around the midpoint; in the early portion 
of the test these spines dominate the cham- 
bers; wall with medium perforations; aper- 
ture a comma shaped opening on the inner 
face of the last chamber. 

This form was compared with the holo- 
type by Miss Ruth Todd and was found to 
fall within the range of that variety. 

Hypotype-—USC No. 3496, upper Mio- 


cene. 


BULIMINA ROSTRATA Brady 
Pl. 30, fig. 7a,b 


Bulimina rostrata H. B. Brapy, 1884, Rep. Voy. 
Challenger, Zool., vol. 9, p. 408, pl. 51, fig. 
14,15; Recent.CusHMAN, 1911, U.S. Nat. Mus. 
Bull. 71, p. 87, text-fig. 140a,b; Recent, North 
Pacific. CUSHMAN, 1927, Scripps Inst. Oceanog- 
raphy Bull. Tech. Ser., vol. 1, p. 152, pl. 2, 
fig. 12; Recent, Pacific. CUSHMAN, 1942, U. S. 
Nat. Mus. Bull. 161, p. 10, pl. 3, fig. 12; Recent, 
Pacific. CUSHMAN & PARKER, 1947, U. S. Geol. 
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Survey Prof. Paper 210-D, p. 124, pl. 28, fig. 
34; Recent, Atlantic and Pacific; Pliocene, Cal- 
ifornia. BANDY, 1953, Jour. Paleo., vol. 27, p. 
176, pl. 24, fig. 12; Recent, Pacific. 


Test small for genus, elongate, about 
twice as long as wide, subtriangular in cross 
section; chambers 3 per whorl, about 8 
whorls forming a mature test; chambers 
highly appressed somewhat rectangular in 
shape, gradually increasing in size as added; 
sutures slightly depressed, difficult to dis- 
cern; wall finely perforate, with 10 or 11 
high plate-like longitudinal costae which 
are continuous across the sutures; aperture 
a comma-shaped opening in a slight depres- 
sion on the inner face of last chamber. 

There has been some confusion between 
this species and Bulimina fossa Cushman & 
Parker. It is distinguished from B. fossa by 
its more fusiform shape, and in the more 
plate-like development of the longitudinal 
costae. 

Hypotype—USC No. 3497, lower Plio- 
cene. 


BULIMINA SUBACUMINATA 
Cushman & R. E. Stewart 
Pl. 30, fig. 8a,b 
Bulimina subacuminata CUSHMAN & R. E. STEW- 


ART, 1930, Trans. San Diego Soc. Nat. Hist., 
vol. 6, p. 65, pl. 5, fig. 2, 3a,b; Pliocene, Cali- 


fornia. Croucu, 1952, Bull. Amer. Assoc. 
Petrol. Geol., vol. 36, pl. 2, fig. 7; Recent, 
Pacific. Martin, 1952, Contr. Cushman 


Found. Foram. Res., vol. 3, p. 132, pl. 22, 
fig. 12a,b; Pliocene, California. (See this refer- 
ence for synonomy.) 


Hypotype-—USC No. 3498, lower Plio- 
cene. 


BULIMINA SUBCALVA Cushman & 
K. C. Stewart 
Pl. 30, fig. 9a,b 


Bulimina subcalua CUSHMAN & K. C. STEWART, 
1930, Trans. San Diego Soc. Nat. Hist., vol. 6, 
p. 65, pl. 4, fig. 8a-c; Pliocene, California. 
CuSHMAN & PARKER, 1938, Contr. Cushman 
Lab. Foram. Res., vol. 14, p. 55, pl. 9, fig. 8a—c; 
Pliocene, California. CUSHMAN & PARKER, 
1946, U. S. Geol. Survey Prof. Paper 210-D, p. 
116, pl. 27, fig. 7; Pliocene, California. MARTIN, 
1952, Contr. Cushman Found. Foram. Res., 
vol. 3, p. 132, pl. 22, fig. 13a,b; Pliocene, Cali- 
fornia. 


Hypotype-—USC Ne. 3499, lower Plio- 
cene. 





WILLIAM R. WHITE 


Genus GLOBOBULIMINA Cushman 1997 
GLOBOBULIMINA PACIFICA CURTAT, 
White, n. var. 
Pl. 30, fig. 10a,b 


Test small, 1} times as long as wid 
tapering inward from the wide apical eng ; 
the roundly pointed apertural end. Cham. 
bers elongate, inflated, 3 per whorl, with the 
last two embracing almost the entire i 
sutures narrow, slightly depressed: wall 
smooth, finely perforate. Aperture a loop. 
shaped opening with a simple tooth, te 
at the upper end of the septal face. Length 
0.31 mm., width, 0.27 mm. 

This variety differs from Globobuliming 
pacifica Cushman in its shorter length ang 
greater relative width. 

Holotype-—USC No. 3517, lower Pio. 
cene. USC Locality 147. 


Genus VIRGULINA d’Orbigny, 1826 
VIRGULINA NODOSA R. E, & 
K. C. Stewart 
Pl. 30, fig. 11a,b 


Virgulina nodosa R. E. & K. C. Stewarr, 193) 
Jour. Paleo., vol. 4, p. 64, pl. 8, fig. 4a-c: 
Pliocene, California. Crovucu, 1952, Bui 
Amer. Assoc. Petrol. Geol., vol. 36, p. 828, pl. 
2, fig. 14; Recent, Pacific. Martin, 195) 
Contr. Cushman Found. Foram. Res., vol, 3 
p. 133, pl. 24, fig. la—c; Pliocene, California 
(See this reference for synonomy.) 


_, Hypotype—USC No. 3544, lower Pilio. 
cene. 


Genus BULIMINELLA Cushman, 1911 
BULIMINELLA CURTA Cushman 
Pl. 30, fig. 12a,b 


Buliminella curta CUSHMAN, 1925, Contr. Cush- 
man Lab. Foram. Res., vol. 1, p. 33, pl. 5, fig. 
13; Miocene, California. CUSHMAN & Lame 
1931, (part), Jour. Paleo., vol. 5, p. 106, pl 
11, fig. 16 (mot 15); Miocene California. 
KLEINPELL, 1938, Miocene, Stratigraphy of 
California, p. 248, pl. 7, fig. 3; pl. 15, fig. 4; 
pl. 16, fig. 8; Miocene, California. Cusnmay & 
PARKER, 1947, U. S. Geol. Survey Prof. 
Paper 210-D, p. 64, pl. 16, fig. 22; Miocene, 
California, Alabama, Florida; Pliocene, Italy; 
Recent, Pacific. CusHMan & McCvLtoce, 
1948, Allan Hancock Pacific Exped., vol. 6, p. 
235, pl. 29, fig. 1; Recent, Pacific. 


Test elongate, about twice as long a 
wide, nearly circular in cross section, periph- 
ery slightly lobulate; chambers 6 to 7 per 
whorl, slightly inflated, early chambers 
nearly square, becoming higher than wide 





> 


= (liens Gee cee bee Gee eee Oe eee 





1927 
iTA 


3 Wide, 
| end to 
Cham. 
vith the 
Te test: 
1; wall 
a loop. 
located 
Length, 


liming 
rth and 


r Plio. 


526 


T, 1930, 
g. 4a: 
», Bull. 
828, pl. 
x, 1952 
, Vol. 3, 
lifornia. 


T Plio- 


911 


1 


r. Cush- 
1. 5, fig. 


LAIMING 
106, pl. 
ifornia. 
aphy of 
, fig. 4; 
HMAN & 
y Prof. 
iocene, 
e, Italy; 
ULLOCH, 
‘ol. 6, p. 


long as 
periph- 
o 7 per 
ambers 
in wide 





CALIFORNIA PLIOCENE-MIOCENE FORA MINIFERA 


in later stages of growth; sutures depressed, 
omewhat curved; wall smooth, finely per- 
jorate; aperture a comma-shaped opening in 
a wide depression on the septal face of the 


stchamber. == = . , 
Hypotype.-—USC No. 3500, upper Mio- 


cene; also occurs in lower Pliocene. 
’ 


BULIMINELLA SUBFUSIFORMIS Cushman 
Pl. 30, fig. 13 


Buliminella subfusiformis CUSHMAN, 1925, Contr. 
Cushman Lab. Foram. Res., vol. 1, p. 33, pl. 5, 
5, 12; Miocene, California. CUSHMAN, Stew- 
art & Stewart, 1947, Oregon Dept. Geol. Min. 
Ind., Bull. 36, p. 17, pl. 2, fig. 7a,b; Miocene, 
Oregon. NATLAND, 1950, Geol. Soc. Amer., 
Memoir 43, pt. 4, p. 17, pl. 5, fig. 5a,b; Pliocene, 
Carmen Island. MARTIN, 1952, Contr. Cush- 
man Found. Foram. Res., vol. 3, p. 134, pl. 23, 
fig. 6a,b; Pliocene California. (See this refer- 
ence for synonomy.) 


Hypotype.—USC No. 3501, lower Plio- 


cene; also occurs in upper Miocene. 


Family CASSIDULINIDAE d’Orbigny, 1839 
Genus CASSIDULINA d’Orbigny, 1826 
CASSIDULINA CALIFORNICA 
Cushman & Hughes 
Pl. 31, fig. la,b 


Cossidulina californica CUSHMAN & HUGHES, 
1925, Contr. Cushman Lab. Foram. Res., vol. 
1, p. 12, pl. 2, fig. 1; Pliocene, California. 
GaLtoway & WISSLER, 1927, Jour. Paleo., vol. 
1, p. 78, pl. 12, fig. 6,7; Pleistocene, California. 
CvsHMaN, STEWART & STEWART, 1930, Trans. 
San Diego Soc. Nat. Hist., vol. 6, p. 75, pl. 6, 
fig. 8a,b; Pliocene, California. CoryELL & 
Mossman, 1942, Jour. Paleo., vol. 16, p. 243, 
pl. 36, fig. 47; Pliocene, Panama. CUSHMAN & 
Gray, 1946, Special Publ. 9, Cushman Lab. 
Foram. Res., p. 39, pl. 7, fig. 10a—c; Pleistocene 
(reworked Pliocene and Miocene), California. 
CusuMaN, STEWART & STEWART, 1949, Oregon 
Dept. Geol. and Min. Ind., Bull. 36, p. 154, pl. 
18, fig. 3; Pliocene, Washington. Croucn, 1952, 
Bull. Amer. Assoc. Petrol. Geol., vol. 36, p. 
836, pl. 6, fig. 6; Recent, Pacific. BANDy, 1953, 
Jour. Paleo., vol. 27, p. 176, pl. 25, fig. 1; 
Recent, Pacific. 


Test subcircular in side view, sides paral- 
klinend view, periphery broadly rounded; 
chambers 4 to 43 pairs in last whorl, with 
oly small portion of the second chamber of 
aly pair visible from the side, very slightly 
infated, sutures slightly depressed and lim- 
bate, nearly radial; walls smooth, with me- 
dium perforations; aperture a narrow slit 
in the septal face of the last chamber, paral- 
kl to the plane of coiling. 
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Specimens from the Capistrano formation 
are smaller than those originally described 
but seem to be similar in all other respects 
and are thus placed in this species. 

Hypotype—USC No. 3502, lower Plio- 


cene. 


CASSIDULINA CUSHMANI 
R. E. & K. C. Stewart 
Pl. 31, fig. 2a,b 
Cassidulina cushmani R. E. & K. C. STEWART, 

1930, Jour. Paleo., vol. 4, p. 71, pl. 9, fig. 5a,b; 

Pliocene, California. CorvELL & MossMAN, 

1942, Jour. Paleo., vol. 16, p. 243, pl. 36, fig. 

48; Pliocene, Panama. NATLAND, 1950, Geol. 

Soc. Amer., Memoir 43, pt. 4, p. 34, pl. 9, fig. 

9a,b; Pliocene, Carmen Island. Martin, 1952, 

Contr. Cushman Found. Foram. Res., vol. 3, 

p. 135, pl. 24, fig. 5a,b; Pliocene, California. 

Test small, subcircular in side view, end 
view roughly lenticular; periphery sharp 
with a very slight keel on some specimens, 
slightly lobulate; chambers 4 pairs in last 
whorl, increasing in size rapidly, somewhat 
inflated; sutures depressed, curved, especial- 
ly so in last part of whorl; wall smooth, fine- 
ly perforate; aperture a narrow slit parallel 
to the plane of coiling, on the inner face of 
the last chamber. 

There has been much confusion in the past 
between Cassidulina cushmani and C. deli- 
cata Cushman. These two forms are very 
similar and possibly may be the same or 
varieties of a single species. Individuals en- 
countered in both the Miocene and Pliocene 
samples appear more like C. cushmani. 


Hypotype-—USC No. 3503, upper Mio- 
cene; also lower Pliocene. 


CASSIDULINA LAEVIGATA 
CARINATA Silvestri 
Pl. 31, fig. 3a,b 


Cassidulina laevigata var. carinata SILVESTRI, 
1896, Acad. Pont. Nuovi Lincei, Mem., vol. 
12, p. 104, pl. 2, fig. 10a-c; lower Pliocene, 
Italy. CUSHMAN, STEWART & STEWART, 1947, 
Oregon Dept. Geol. Min. Ind., Bull. 36, p. 21, 
pl. 3, fig. 7a-c; Miocene, Oregon. 

Cassidulina corbyi MARTIN, 1952, (not Cushman 
& Hughes). Contr. Cushman Found. Foram. 
Res., vol. 3, p. 135, pl. 24, fig. 3a,b; Pliocene, 
California. 


Test small, subcircular in side view, some- 
what compressed, periphery lobulate, sharp, 
with a narrow keel which in some specimens 
is poorly defined; chambers about 5 pairs in 
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last whorl; sutures distinct, slightly de- 
pressed, in early portion nearly straight, 
becoming increasingly curved with last two 
chambers; wall smooth, finely perforate; 
aperture an elongate slit on septal face of 
last chamber, parallel to the plane of coiling. 

These specimens seem to be intermediate 
between forms belonging to Cassidulina 
laevigata and C. laevigata carinata. The pres- 
ence of a keel, even though poorly devel- 
oped, on most of the individuals suggests 
that they be assigned to the variety. 

Hypotype—USC No. 3504, lower Plio- 
cene. 


CASSIDULINA LOMITENSIS 
Galloway & Wissler 
Pl. 31, fig. 4a,b 


Cassidulina lomitensis GALLOWAY & WISSLER, 
1927, Jour. Paleo., vol. 1, p. 79, pl. 12, fig, 
10a,b; Pleistocene, California. Croucn, 1952, 
Bull. Amer. Assoc. Petrol. Geol., vol. 36, p. 838, 
pl. 6, fig. 10; Recent, Pacific. MARTIN, 1952, 
Contr. Cushman Found. Foram. Res., vol. 3, 
p. 135, pl. 24, fig. 7a,b; Pliocene, California. 
(See this reference for synonomy.) BANDy, 
1953, Jour. Paleo., vol. 27, p. 176, pl. 25, fig. 5; 
Recent, Pacific. 


Hypotype-—USC No. 3505, lower Plio- 
cene. 


CASSIDULINA TRANSLUSCENS 
Cushman & Hughes 
Pl. 31, fig. 5a,b 


Cassidulina transluscens CUSHMAN & HUGHES» 
1925, Contr. Cushman Lab. Foram. Res., vol- 
1, p. 15, pl. 2, fig. 5; Pleistocene, California- 
Crovucn, 1952, Bull. Amer. Assoc. Petrol- 
Geol., vol. 36, p. 838, pl. 6, fig. 13; Recent, 
Pacific. Martin, 1952, Contr. Cushman 
Found. Foram. Res., vol. 3, p. 136, pl. 24, fig. 
4a,b; Pliocene, California. (See this reference 
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for synonomy.) BaNpy, 


1953, 
vol. 27, p. 176, pl. 25, fig. 6; hie Horny 


Hypotype.—USC No. 3506, lower Pi, 
cene. ; 


Genus CASSIDULINOIDES Cushman, 1927 
CASSIDULINOIDES CORNUTA (Cushman) 
Pl. 31, fig. 6a—c 

Virgulina cornuta CUSHMAN, 1913, Proc U.S 
Nat. Mus., vol. 44, p. 637, pl. 80, fig. 1; Ren ‘ 
Philippines. CusHMAN & Moyer, 1930, Cont: 
Cushman Lab. Foram. Res., vol. 6, p. 57 ol 
8, fig. 1; Recent, California coast. Cusmay 
1937, Special Publ. 9, Cushman Lab. Foram, 
Res., p. 28, pl. 4, fig. 20,21; Recent, California 
Croucu, 1952, Bull. Amer. Assoc. Petrol. Geol, 
vol. 36, p. 828, pl. 2, fig. 13; Recent, Pacific 
MarTIN, 1952, Contr. Cushman Found 
Foram. Res., vol. 3, p. 133, pl. 23, fig. 9. 
Pliocene, California. : 


Test elongate, 13 times as long as broad, 
tapering rapidly from narrow rounded initial 
end to point of greatest width at approxi. 
mately midpoint of test; chambers arranged 
biserially, compressed, about 4 pairs added 
in a twisted fashion; last 2 chambers be- 
coming very large and embracing most of 
the test on the apertural side; sutures 
slightly depressed, curved on apertural 
side; wall smooth, finely perforate; aper. 
ture elongate, comma-shaped, extending 
obliquely across the septal face of the last 
chamber. 

Hypotype—USC No. 3507, lower Plio- 
cene. 

Genus EHRENBERGINA Reuss, 1850 
EHRENBERGINA COMPRESSA Cushman 
Pl. 31, fig. 8a—c 


Ehrenbergina compressa CUSHMAN, 1927, Scripps 
Inst. Oceanography Bull., Tech. Ser., vol. 1, 





EXPLANATION OF PLATE 31 


Fic. 1—Cassidulina californica Cushman & Hughes, X80. a, side view; b, edge view. 
2—Cassidulina cushmani R. E. & K. C. Stewart, 100. a, edge view; , side view. 
3—Cassidulina laevigata carinata Silvestri, X76. a, side view; b, edge view. | 
4—Cassidulina lomitensis Galloway & Wissler, X42. a, edge view; 5, side view. 
5—Cassidulina transluscens Cushman & Hughes, X56. a, edge view; }, side view. 
6—Cassidulinoides cornuta (Cushman), X70. a, back view; }, side view; ¢, top view. 
7—Epistominella bradyana (Cushman), X80. a, dorsal view; 5, ventral view; ¢, edge view. 
8—Ehrenbergina compressa Cushman, X70. a, front view; 6, back view, c, apertural view. 


9—Epistominella pontoni californica White, 


view; c, dorsal view. 


n. var. Holotype, 120. a, ventral view; b, edge 
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168, pl. 6, fig. 7; Recent, Pacific. CusHman, 
art & STEWART, 1930. Trans. San Diego 
Nat. Hist., vol. 6, p. 75, pl. 6, fig. 9; Plio- 
ene, California. NATLAND, 1950, Geol. Soc. 
Amer., Memoir 43, pt. 4, p. 35, pl. 9, fig. 1la—c; 
Pliocene, Carmen Island. Croucn, 1952, Bull. 
. Assoc. Petrol. Geol., vol. 36, p. 841, pl. 

6, fig. 19; Recent, Pacific. 
Test short, about 14 times as long as wide, 
periphery sharp, and spinose, early portion 
tending to coil but soon becoming evolute; 
chambers about 5 pairs, each chamber wide- 
ly overlapping the preceding one on the 
inner side, outer edge of each chamber 
tends to develop a short spine; sutures de- 
ressed on inner side, smooth on outer; wall 
smooth with medium perforations; aperture 
4 narrow slit in upper face of last chamber, 
parallel to direction of elongation of the 


chambers. 
Hypotype—USC No. 3510, lower Plio- 


cene. 


Genus EPISTOMINELLA Husezima & 
Maruhasi, 1944 

EpISTOMINELLA BRADYANA (Cushman) 
Pl. 31, fig. 7a—c 


Truncalulina pygmaea Brapy, 1884, (part) (not 
Hantken), Rep. Voy. Challenger, Zool., vol. 9, 
p. 666, pl. 95, fig. 10; Recent, Atlantic, Pacific. 

Pulvinulinella bradyana NATLAND, 1950, Geol. 
Soc. Amer., Memoir 43, pt. 4, p. 33, pl. 9, fig. 3; 
Pliocene, Carmen Island. 

Epistominella bradyana MartIN, 1952, Contr. 
Cushman Found. Foram. Res., vol. 3, p. 136, 
pl. 24, fig. 9a-c; Pliocene, California. (See this 
reference for synonomy.) 


The figured specimen is more convex and 
thus has a greater width than is average for 


the species. Most of the specimens encoun- 
tered were thinner and appeared to be 
typical of the species. 

Hypotype.-—USC No. 3511, lower Plio- 
cene. 


EPISTOMINELLA PONTONI 
CALIFORNICA White, n. var. 
Pl. 31, fig. 9a—c 


Test small, subcircular in side view, periph- 
ery rounded, slightly biconvex, but sides 
nearly parallel, dorsal side higher than ven- 
tral which is somewhat depressed in the um- 
bilical area; 2} whorls visible on the dorsal 
side; chambers 7 to 9 in last whorl, uniform 
throughout, gradually increasing in size as 
added; dorsal sutures oblique, very slightly 
limbate, ventral sutures nearly radial; wall 
smooth, very finely perforate; aperture a 
narrow opening on the septal face of the last 
chamber, and elongate in the plane of coil- 
ing. Diameter, 0.19 mm.; thickness, 0.10 
mm. 

The variety is distinguished by the less 
limbate ventral sutures, the somewhat more 
rounded periphery, and the nearly parallel 
sides. 

Holotype-—USC No. 3512, upper Mio- 
cene. USC Locality 150. 


EPISTOMINELLA SMITHI 
(R. E. & K. C. Stewart) 
Pl. 32, fig. la—c 
Pulvinulinella smithi R. E. & K. C. Stewart, 


1930, Jour. Paleo., vol. 4, p. 70, pl. 9, fig. 
4a-c; Pliocene, California. 


EXPLANATION OF PLATE 32 
Fic. 1—Epistominella smithi (R. E. & K. C. Stewart), X76. a, ventral view; b, edge view; c, dorsal 


view. 


2—Uvigerina hispida Schwager, X51. a, side view; b, apertural view. 


3—Uvigerina hispidocostata 


ushman & Todd, X45. a, side view; b, apertural view. 


4—Uvigerina hollicki Thalmann, X45. a, side view; 6, apertural view. 

5—Uvigerina hootsi Rankin, X38. a, side view; b, apertural view. 

6—Uvigerina kernensis subcalva White, n. var. Holotype, X63. a, side view; 5, apertural view. 
7—Uvigerina peregrina Cushman, X56. a, side view; 6, apertural view. 

§—Uvigerina segundoensis Cushman & Galliher, X45. a, side view; b, apertural view. 
9—Uvigerina senticosa adiposa White, n. var. Holotype. X86. a, side view; b, apertural view. 
10—Angulogerina hughesi (Galloway & Wissler), X76. a, side view; b, apertural view. 
11—Siphonodosaria advena (Cushman & Laiming), X30. a, side view; b, apertural view. 
12—Stphonodosaria lepidula (Schwager), X31. a, side view; }, apertural view. 
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Pulvinulinella smithi CUSHMAN & PARKER, 1931, 
Contr. Cushman Lab. Foram., Res., vol. 7, p. 
14, pl. 2, fig. 12a—-c; Miocene, California. 

Pseudoparrella smithi Croucn, 1952, Bull. Amer. 
Assoc. Petrol. Geol., vol. 36, p. 836, pl. 6, fig. 
2,3; Recent, Pacific. 

Epistominella smithi BANDy, 1953, Jour. Paleo., 
vol. 27, p. 177, pl. 23, fig. 7; Recent, Pacific. 


Test unequally biconvex, dorsal side 
nearly flat, subcircular in side view, periph- 
ery sharp, keeled, moderately lobulate, 
about 3 whorls visible on dorsal side; cham- 
bers 5 to 6 in last coil, increasing gradually 
in size in first 2 whorls and expanding rapid- 
ly in last whorl; early chambers nearly 
rhomboid later becoming crescent shaped; 
dorsal sutures somewhat limbate, with the 
radial sutures slightly curved, but strongly 
angled opposite to the direction of coiling; 
ventral sutures depressed and _ strongly 
curved; wall smooth, finely perforate; aper- 
ture a slit on the septal face of last chamber, 
parallel to the plane of coiling. 

Hypotype-—USC No. 3513, lower Plio- 
cene; also occurs in upper Miocene. 


Family UVIGERINIDAE Galloway 
& Wissler, 1927 
Genus UVIGERINA d’Orbigny, 1826 
UVIGERINA HISPIDA Schwager 
Pl. 32, fig. 2a,b 
Uvigerina hispida ScHWAGER, 1866, Novara 
Exped., Geol. Theil., Bd. 2, Abt. 2, p. 249, pl. 
7, fig. 95; Pliocene, India. CusHMAN & Topp, 
1941, Contr. Cushman Lab. Foram. Res., 
vol. 17, p. 73, pl. 17, fig. 8; Pliocene, India. 
MarTIN, 1952, Contr. Cushman _ Found. 
Foram. Res., vol. 3, p. 136, pl. 25, figs. 1a,b; 
Pliocene, California. 


Test elongate, 3 times as long as wide, 
sides nearly parallel, periphery lobulate; 
chambers inflated, compressed, usually 3 to 
a whorl, with last 1 or 2 whorls sometimes 
only containing 2; wall ornamented with 
short spines which are usually not aligned; 
aperture round, terminal, at the end ofa 
relatively long neck, with no phialine lip. 

The figured specimen is rather atypical 
in that it becomes biserial in the last 3 
whorls. Most of the individuals encountered 
have 3 chambers per whorl up to the last 
coil. 

Hypotype-—USC No. 3535, lower Plio- 


cene. 
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UVIGERINA HISPIDOCOsTATA 
Cushman & Todd 
Pl. 32, fig. 3a,b 


Uvigerina hispido-costata CUSHMAN & To 
1945, Special Publ. 15, Cushman Lab. For 
Res., p. 51, pl. 7, fig. 27,31; Miocene Pa 
BERMUDEZ, 1949, Special Publ. 25, Coben 
Lab. Foram. Res., p. 206, pl. 13, fig. 37.38. 
upper Miocene, Dominican Republic. Marti. 
1952, Contr. Cushman Found. Foram,. Res. 
vol. 3, p. 136, pl. 25, fig. 2a,b; Pliocene, Cai! 
fornia. ‘ 


Hypotype-—USC No. 3536, lower Pio. 


cene. 


UVIGERINA HOLLICKI Thalmann 
Pl. 32, fig. 4a,b 


Uvigerina peregrina var. bradyana CusHMay 
1923, (not U. bradyana Fornasini, 1900) U. S 
Nat. Mus. Bull. i104, p. 168, pl. 42, fig. 12 
Recent, Atlantic. CUSHMAN, 1927, Scripps 
Inst. Oceanography Bull., Tech. Ser., vol, | 
p. 158, pl. 4, fig. 2; Recent, Pacific. Cusway, 
STEWART & STEWART, 1930, Trans. San Di 0 
Soc. Nat. Hist., vol. 6, p. 69, pl. 5, fig. 12; Plio. 
cene, California. CUSHMAN, 1936, Bull. Geol, 
Soc. Amer., vol. 47, p. 429, pl. 5, fig. 10, 
CusHMAN & McCvuLtocu, 1948, Allan Hancock 
Pacific Exped., vol. 6, p. 266, pl. 34, fig. 1; 
Recent, California coast. 

Uvigerina hollicki THALMANN, 1950, Contr. 
Cushman Found. Foram. Res., vol. 1, p. 45. 
Banpy, 1953; Jour. Paleo., vol. 27, p. 177, pl. 
25, fig. 8; Recent, Pacific. 


Test elongate, about 3 times longer than 
the diameter, periphery lobulate, sides near. 
ly parallel, about 6 whorls in mature forms; 
chambers 3 per whorl, inflated, closely ap- 
pressed in early portion; sutures depressed; 
wall finely perforate, ornamented with high 
plate-like costae, 8 to 9 per chamber, not 
continuous across the sutures; aperture 
terminal, at the end of a short neck witha 
slight phialine lip. 

Hypotype-—USC No. 3537, lower Plio- 
cene. 


UVIGERINA HooTs!I Rankin 
Pl. 32, fig. 5a,b 


Uvigerina hootsi RANKIN, 1934, in Cusuman & 
KLEINPELL. Contr. Cushman Lab. Foram. 
Res., vol. 10, p. 22, pl. 3, fig. 8,9; Miocene, 
California. KLEINPELL, 1938, Miocene Stratig- 
raphy of California, p. 295, pl. 22, fig. 6; Mio 
cene, California. CUSHMAN, 1941, Contr. Cush- 
man Lab. Foram. Res., vol. 17, p. 46, pl. 13, 
fig. 16,17; Miocene, California. CUSHMAN & 
Gray, 1946, Special Publ. 19, Cushman Lab. 
Foram. Res., p. 36, pl. 6, fig. 13; Pleistocene, 
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CALIFORNIA PLIOCENE-MIOCENE FORA MINIFERA 


trent rked Miocene and Pliocene). 

Galore Se McCuLLoce, 1948, Allan flan: 

cock Pacific Exped., vol. 6, p. 229, pl. 33, fig. 3; 

Recent (?), Miocene (?), Eastern Pacific. 

Test elongate, nearly 4 times as long as 
yide, rapidly increasing in size in early por- 
tion, sides later tending to become nearly 
parallel ; 5 to 7 whorls in adult forms; cham- 
bers 3 per whorl, very closely appressed in 
arly part, becoming larger and more glob- 
yar towards the apertural ends; sutures 
depressed, becoming deeper away from the 
‘sitial end; wall finely perforate, always 
smooth in later portion, but some tests 
how a number of very fine longitudinal 
costae on the lower half; aperture terminal, 
central, subround at end of a short neck 
yith a distinct phialine lip. 

Hypotype—USC No. 3538, upper Mio- 


cene. 


UVIGERINA KERNENSIS 
SUBCALVA White, n. var. 
Pl. 32, fig. 6a,b 
Uvigerina kernensis? CusHMAN & McCUuLtocn, 

1948, (not Barbat & von Estorff), Allan Han- 

cock Pacific Exped., vol. 6, p. 261, pl. 33, fig. 5; 

Recent, California coast. 

Test elongate, about 2 times as long as 
wide, nearly fusiform with greatest width 
reached at next to the last whorl; chambers 
inflated, closely appressed, especially in the 
early portion, 3 per whorl with about 4 
whorls comprising the mature specimens; 
sutures depressed, wall finely perforate with 
low longitudinal costae which are broken at 
the sutures; aperture terminal at the end of 
along neck, with a slight phialine lip de- 
veloped on some individuals. Length, 0.5 
mm.; diameter, 0.25 mm. 

Variety differing from the typical in the 
lack of minute spines on the last chambers, 
and in the much longer apertural neck. 

Holotype —USC No. 3539, lower Plio- 
cene. USC Locality 146. 


UVIGERINA PEREGRINA Cushman 
Pl. 32, fig. 7a,b 


lvigerina pigmea FLINT, 1899, (not d’Orbigny), 
Rep. U. S. Nat. Mus., p. 320, pl. 68, fig. 2; 
Recent, Western Atlantic. 

Lngerina peregrina MartIN, 1952, Contr. Cush- 
man Found. Foram. Res., vol. 3, p. 137, pl. 25, 
fg. 7a,b; Pliocene, California. (See this refer- 
ence for a more complete synonomy.) BANDY, 


259 


1953, Jour. Paleo., vol. 27, p. 177, pl. 25, fig. 10; 
Recent, Pacific. 


Hypotype.-—USC No. 3540, lower Plio- 
cene. 


UVIGERINA SEGUNDOENSIS 
Cushman & Galliher 
Pl. 32, fig. 8a,b 

Uvigerina segundoensis CUSHMAN & GALLIHER, 
1934, Contr. Cushman Lab. Foram. Res., vol. 
10, p. 26, pl. 4, fig. 11; Miocene, California. 
KLEINPELL, 1938, Miocene Stratigraphy of 
California, p. 297; Miocene, California. Cusx- 
MAN & Topp, 1941, Contr. Cushman Lab. 
Foram. Res., vol. 17, p. 51, pl. 14, fig. 18; 
Miocene, California. CusHmMan & McCCULLocuH, 
1948, Allan Hancock Pacific Exped., vol. 6, p. 

269, pl. 34, fig. 6; Recent, Pacific. 


Test elongate, about 13 times as long as 
wide, tapering gradually and evenly from 
the broad apertural end to the narrow initial 
end; chambers inflated, closely appressed in 
early portion, becoming globular in the later 
portion of test, 3 per whorl with from 5 to 6 
whorls in the mature specimens; sutures de- 
pressed; wall finely perforate, with low, 
longitudinal costae, 9 to 10 per chamber and 
not continuous across the sutures; aperture 
terminal, central, at end of a short neck with 
a slight lip and characterized by a narrow 
rod-like tooth on one side. 

Hypotype.-—USC No. 3541, upper Mio- 
cene. 


UVIGERINA SENTICOSA 
ADIPOSA White, n. var. 
Pl. 32, fig. 9a,b 


Test small, short, about 13 times as long 
as wide, periphery lobulate, about 4 whorls, 
early portion definitely triserial tending to 
become biserial in last whorl; chambers in- 
flated, closely appressed in early portion, 
becoming globular in later part; sutures de- 
pressed; wall finely perforate, ornamented 
with small papillae, some arranged in longi- 
tudinal rows; aperture terminal at end of a 
relatively long thin neck with a small phia- 
line lip. Length, 0.29 mm.; diameter, 0.18 
mm. 

Variety differs in having a less coarsely 
spinose ornamentation and in its shorter 
length, the rapid increase in size toward the 
apertural end, and the more globose nature 
of the test. 
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Holotype-—USC No. 3542, lower Plio- 
cene. USC Locality 148. 


Genus ANGULOGERINA Cushman, 1927 
ANGULOGERINA HUGHESI 
(Galloway & Wissler) 

Pl. 32, fig. 10a,b 


Uvigerina hughesi GALLOway & WISSLER, 1927, 
Jour. Paleo., vol. 1, p. 76, pl. 12, fig. 5; Pleisto- 
cene, California. 

Angulogerina hughesi CUSHMAN, STEWART & 
STEWART, 1930, Trans. San Diego Soc. Nat. 
Hist., vol. 6, p. 70, pl. 5, fig. 16; Pliocene, 
California. CUSHMAN & Topp, 1941, Contr. 
Cushman Lab. Foram. Res., vol. 17, p. 76, pl. 
18, fig. 4; pl. 19, fig. 17; Pliocene, California. 
CusHMAN & Topp, 1947, Special Publ. 21, 
Cushman Lab. Foram. Res., p. 19, pl. 3, fig. 8; 
Recent, off coast of Washington. CUSHMAN & 
McCu.tocnu, 1948, Allan Hancock Pacific 
Exped., vol. 6, p. 289, pl. 36, fig. 2; Recent, 
Pacific. 

Test relatively small, elongate, about 3} 
times as long as wide, periphery lobulate, 
sides nearly parallel; chambers inflated, 
globular, gradually increasing in size as 
added, 3 per whorl with about 3 to 4 whorls 
in mature specimens; last chamber ex- 
tremely angular, having a triangular cross 
section; wall finely perforate, smooth; 
aperture terminal, elliptical, at the end of a 
broad short neck with a small phialine lip. 

Hy atype—USC No. 3481, lower Plio- 
cene. 


Genus SIPHONODOSARIA Silvestri, 1924 
SIPHONODOSARIA ADVENA 
(Cushman & Laiming) 

Pl. 32, fig. 11a,b 


Nodogenerina advena CUSHMAN & LAIMING, 1931, 
Jour. Paleo., vol. 5, p. 106, pl. 11, fig. 19; Mio- 
cene, California. NATLAND, 1950, Geol. Soc. 
Amer., Memoir 43, pt. 4, p. 17, pl. 5, fig. 4a,b; 
Pliocene, Carmen Island. 

Siphonodosaria advena Martin, 1952, Contr. 
Cushman Found. Foram. Res., vol. 3, p. 138, 
pl. 25, fig. 10a,b; Pliocene, California. (See this 
reference for synonomy.) 


Hypotype.-—USC No. 3532, lower Plio- 
cene. 


SIPHONODOSARIA LEPIDULA (Schwager) 
Pl. 32, fig. 12a,b 


Nodosaria lepidula SCHWAGER, 1886, Novara 
Exped., Geol. Theil., p. 210, pl. 5, fig. 27,28; 
Pliocene, India. NATLAND, 1950, Geol. Soc. 
Amer., Memoir 43, pt. 4, p. 16, pl. 5, fig. 3a,b; 
Pliocene, Carmen Island. 

Siphonodosaria lepidula Martin, 1952, Contr. 
Cushman Found. Foram. Res., vol. 3, p. 139, 
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pl. 25, fig. 12a,b; Pliocene, Californj 
reference for synonomy.) rnia. (See this 


Hypotype-—USC No. 3533, lower Plio. 
cene, 
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CONODONTS FROM THE MIDDLE DEVONIAN BONE BEDS 
OF CENTRAL AND WEST-CENTRAL OHIO 


GRACE ANNE STEWART & WALTER C. SWEET 
Ohio State University, Columbus, Ohio 


Asstract—Conodonts referable to 7 identifiable species distributed among 10 
conodont genera, are reported from bone bed accumulations in the Middle Devonian 
Columbus and Delaware limestones of central and west-central Ohio. The collection, 
believed to be the oldest heretofore described systematically from the North Ameri- 
can Devonian, is dominated by representatives of the platform-type genera, Icriodus 
and Polygnathus ; however, fragmentary specimens of 7 bar- and blade-type genera 
are also described. Bryantodus solidus, Icriodus angustus, and Prioniodina arlingto- 


nensis, are described as new species. 


HILE he was associated with the Ohio 

State University, Dr. John W. Wells 
(1944a) initiated an exhaustive investiga- 
tion of the bone beds which have long been 
known to occur in the Middle Devonian 
limestones of central and_ west-central 
Ohio. In his report, Wells discusses the 
ecological significance of fish remains found 
in these unusual layers, and calls attention 
to the presence in the same units of arena- 
ceous foraminifers, ostracodes, scolecodonts, 
sponge spicules, lycopod spore exines, and 
conodonts. The fish remains were described 
systematically by Wells (1944b), the fo- 
raminiferal assemblage by Stewart and 
lampe in 1947, and the ostracodes by 
Stewart in 1950. The present report is, then, 
the fourth in a series devoted to a descrip- 
tion of the microfauna of the Ohio bone 


beds. 


STRATIGRAPHY AND SIGNIFICANCE OF THE 
OHIO BONE BEDS 


The Middle Devonian limestones of 
central and west-central Ohio consist of two 
formations: the Columbus limestone of late 
Usterian age, and the Delaware limestone 
of early Erian age. These rocks crop out 
within a belt some 10 miles wide, which 
trends northward from Pickaway County in 
south-central Ohio to Erie and Ottawa 
counties in the north-central portion of the 
state. Similar strata are also known to be 
exposed on Kelleys Island in Lake Erie, and 
comparable limestones occur in the so- 
called Bellefontaine outlier of east-central 
logan County. The latter exposure is 
separated by about 25 miles from the 


principal areas of Devonian outcrop, and 
although somewhat different from those of 
central Ohio, the Bellefontaine limestones 
are generally thought to represent the upper 
portion of the Columbus formation. 

The Columbus and Delaware formations 
contain several thin, more or less continu- 
ous zones of sandy, crinoidal limestone, 
termed ‘‘bone beds,’ in which the frag- 
mentary scales, teeth, plates, and denticles 
of fish are abundant, and from which rep- 
resentatives of numerous other fossil 
groups are also known. Two thin bone beds 
occur in the upper portion of the Columbus 
formation; one at the very top, and another 
9} feet below the top. A third such unit is 
recognized in the upper third of the Dela- 
ware limestone, and a fourth occurs just 
above it in some portions of Delaware 
County. These bone beds have been num- 
bered from one to four, in order of their 
decreasing age. A thin layer of bluish-green 
dolomitic sandstone, which occurs at the 
top of the Columbus limestone in the 
eastern portion of the Bellefontaine outlier 
in Logan County, is known as the East 
Liberty bone bed (Wells, 1944a, p. 280). 
The relationship of this bed to those of 
central Ohio has not yet been established, 
but it is probably somewhat younger. 
Subsequent to the publication of Wells’ 
studies, a block of limestone exhibiting 
typical bone bed lithology was discov- 
ered in an abandoned quarry just west 
of the town of Bellefontaine. Its original 
position in the quarry face could not be 
located precisely, but the stratigraphic 
position of the quarry itself indicates that 
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the material could not have been derived 
from the East Liberty bed, which is pre- 
sumably somewhat younger. 

The first, third, and fourth bone beds are 
known only from rather local occurrences in 
Franklin and Delaware counties, whereas 
the second can be traced more or less con- 
tinuously for a distance of some 120 miles 
northward from Columbus. According to 
Wells (1944a p. 297), the Ohio bone beds 
had no single, uniform mode of origin, but 
appear to be the results of (1) lag concen- 
trations of coarse organic and inorganic 
material; (2) subaqueous accumulations of 
coarse material transported from areas of 
lag concentration; or (3) aeolian deposits 
derived from subaerial exposures of lag 
concentrates. Consequently, the present 
organic components of these beds cannot be 
regarded as representative of a life associa- 
tion. On the contrary, they appear to be a 
combination of forms characteristic of 
different environments, swept together after 
death. The distribution of the bone beds 
along the flanks of the Cincinnati arch 
suggests that they are genetically related to 
that structure. Some appear to be clastic 
layers deposited above wave base in fluctua- 
ting seas marginal to Cincinnatia, whereas 
others probably represent subaerial lag 
concentrates formed along the margins of 
these seas. 


CONODONTS OF THE BONE BEDS 


All of the Ohio bone beds, with the excep- 
tion of the fourth and the East Liberty 
layer, have yielded conodonts in substantial, 
if not abundant, quantities; and at least a 
few identifiable specimens have been re- 
covered from samples collected at each of 
12 localities. In addition, a large number of 
individuals has been obtained from a loose 
block of bone bed material collected in the 
western portion of the Bellefontaine outlier. 
The distribution of bone bed conodont 
localities is indicated in text-figure 1 and de- 
scriptions of these sites are included at the 
end of our report. 

The great majority of the bone bed cono- 
donts show definite evidence of abrasion, a 
fact which seems to confirm Wells’ recon- 
struction of conditions in the depositional 
environment. Most of the specimens are 
pitted; many are frosted. Unbroken rep- 
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resentatives of the delicate bar and blade 
genera are rare in our collections, whereas 
the more resistant platform types form the 
bulk of the fauna. 

Almost all of the specimens that we are 
referring to Polygnathus, and a considera- 
ble number of those belonging in Icriogy; 
still retain aborally a portion of the bony 
material to which they were originally at. 
tached. The physical nature of this material 
is stikingly different from that of the 
conodont itself. In general, this substance jg 
much softer, opalescent to waxy in luster, 
and apparently rather porous, for it has been 
conspicuously stained throughout by second. 
ary iron oxide in most of our specimens, 

Professor Duncan McConnell, of the 
Department of Mineralogy at the Ohio 
State University, very kindly made petro. 
graphic and x-ray diffraction studies of this 
basal material for us. He reports (letter 
dated March 11, 1952) that the X-ray 
powder pattern is “. . . qualitatively iden- 
tical with the pattern produced by collo. 
phane regardless of its source of origin.” 
His petrographic examination further indi- 
cated that the material has a “lamellar 
structural arrangement and appears to be 
essentially isotropic, which is not char- 
acteristic of the conodont material itself.” 
Both of these statements suggest to us that 
the animal, of which the conodonts were 
originally a part, had a skeletal (or exo- 
skeletal) framework of lamellar collophane. 
However, the possibility remains that the 
basal substance of the conodonts was 
originally some type of tissue (perhaps 
cartilagenous) which has been converted to 
collophane during the process of fossiliza- 
tion. 

Altogether, we have collected specimens 
of 7 identifiable species, referable to 10 
conodont genera from the Ohio bone beds. 
Of these, representatives of IJcriodus and 
Polygnathus are most abundant. The local 
occurrence of conodont genera and species 
now known from the Ohio bone beds is 
summarized in Table 1. This summary 
makes it clear that the faunules of the 
several bone beds are nearly identical, and 
we have been unable to recognize features 
in any of these associations which distin- 
guish them from those of other bone bed 
units. Furthermore, the common forms in 








blade 
lereas 
M the 


re are 
idera- 
‘lodus 
bony 
ly at- 
terial 
the 
NCe is 
uster, 
been 
cond- 
S. 
the 
Ohio 
etro- 
f this 
etter 
X-ray 
iden- 
‘ollo- 
gin,” 
indi- 
ellar 
0 be 
har- 
elf.” 
that 
were 
ex0- 
ane. 
the 
was 
haps 
d to 
liza- 


nens 
» 10 
eds. 
and 
ocal 
>cies 
Is is 
lary 
the 
and 
ures 
stin- 
bed 
s in 








OHIO DEVONIAN CONODONTS 263 





be 





cd o So 


° # ake E 
J 1 | 






rie 








LORAIN 





FAYETTE 






10 oO 10 20 30 
a _ ee 
MILES 


om 
o 





Rive, 











Text-FIG. /—Outline map of Ohio showing outcrop belt of Columbus and Delaware limestones 
(stippled) and localities from which the bone bed conodonts were collected. Numbers refer to 
catalogue of localities. 


all of the collections are long-ranging types York, and their presence has been noted 
which have a widespread distribution in (Barnes, Cloud, and Warren, 1945; Hass, 
rocks of Middle and Upper Devonian age. 1947) in Lower Devonian limestones in 
For these reasons, we are not able to make central Texas. However, no genera are 
detailed correlations of the Ohio bone beds cited or faunal elements described in any of 
on the basis of their conodont faunas. these reports. Furthermore, only a few 
Conodonts have been mentioned (Clarke, conodonts are known from Middle Devo- 
1900) from the Oriskany sandstone of New _ nian rocks, and the majority of these appear 
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TABLE I.—LocaL DISTRIBUTION OF OHIO BONE BED CoNoponts 
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to be somewhat younger than the ones we’ of the Ohio bone beds. Other elements of 
are studying. the Mineola and Jeffersonville conodont 
A few conodonts have been reported faunas are not known, but their megafossils 
(Branson and Mehl, 1938; Branson, 1944) indicate that only the Jeffersonville should 
from the Mineola limestone of east-central now be correlated with the Columbus lime. 
Missouri, and from the Jeffersonville forma- stone of Ohio (Cooper, et al., 1942). 
tion of southern Indiana, and Kentucky. All The bone bed collections are reminiscent 
of the specimens known from these forma- of the one reported by Downs and Young- 
tions are apparently referable to Icriodus, quist (1950) from the Cedar Valley lime- 
conspecific forms of which are present in all stone of Iowa, but differ significantly from 


EXPLANATION OF PLATE 33 


Fic. 1,3—Icriodus expansus Branson & Mehl. Lateral and aboral views of two specimens, X36, Bone 

bed 3, Delaware limestone, locality 3. OSU 21009 and 21008. 

2—Icriodus latericrescens Branson & Mehl. Oral view of a small specimen, X36. Bone bed 2, 
Columbus limestone, locality 9. OSU 21022. 

4,5,11,15—Icriodus angustus Stewart & Sweet, n. sp. 4,5,/5 are oral and lateral views of the 
paratypes, // is a lateral view of the holotype, X36. All from bone bed 3, Delaware lime- 
stone, locality 3. OSU 20993-20996. 

6,7—Icriodus latericrescens Branson & Mehl. Oral and aboral views of a single specimen, X36. 
Bone bed 2, Columbus limestone, locality 5. OSU 21021. 

8,10—Icriodus nodosus (Huddle). Oral and aboral views of 2 large specimens, X36. Bone bed |, 
Columbus limestone, locality 3. OSU 21027-21028. 

9,12-14—Icriodus expansus Branson & Mehl. Oral and aboral views, X36. Bone beds 1 and 3, 
Delaware limestone, locality 3. OSU 21004-21007. 
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OHIO DEVONIAN CONODONTS 


shat described by Stauffer (1940) from the 
ame (?) formation in southern Minnesota. 
The lowa collection consists largely of rep- 
resentatives of Icriodus and Polygnathus, 
as does the one from the Ohio bone beds; 
jowever, Jcriodus ranges well up into the 
U Devonian, and Polygnathus is known 
from rocks as young as Middle Mississippian 
in age- Furthermore, the Cedar Valley 
imestone is generally considered to be 
gmewhat higher in the Middle Devonian 
than either the Columbus or Delaware 
formations of Ohio (Cooper, et al., 1942). 
The presence of Spathognathodus [Pan- 
jorina], and Synprioniodina in the Cedar 
Valley of Minnesota gives its conodont 
fauna a somewhat younger appearance. 

The bone bed conodonts find their closest 
comparisons in Ohio among those known 
from the Plum Brook shale (Stauffer, 1938). 
Furthermore, the Plum Brook conodonts 
appear to be older than those reported from 
the typical Olentangy shale, which lies 
directly above the Delaware limestone in 
central Ohio. However, this similarity is 
probably more apparent than real for the 
components of both conodont faunas be- 
long in long-ranging genera which have 
jittle precise stratigraphic significance. 

The Columbus limestone has long been 
correlated with the upper portion of the 
Onondaga formation of New York, whereas 
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the Delaware is generaily equated to some 
part of the Marcellus. Although we can add 
nothing to such a correlation from our 
analysis of the bone bed conodonts, the 
accepted age assignment indicates that our 
collections from the Ohio bone beds contain 
the oldest conodonts heretofore reported 
systematically from the North American 
Devonian. 

We are indebted to Professor John W. 
Wells of Cornell University for making por- 
tions of his collections available to us for 
study, and to Professors M. F. Marple and 
C. H. Summerson of the Ohio State Univer- 
sity for calling our attention to a block of 
conodont-bearing bone bed material in the 
western portion of the Bellefontaine outlier. 
The illustrations which accompany our 
report were made by Mr. Richard A. Wood 
of Columbus, and were financed by a liberal 
grant from the Bownocker Fund of the 
Department of Geology, Ohio State Uni- 
versity. All specimens described are on file 
in the geological museum of the Ohio State 
University. 


SYSTEMATIC DESCRIPTIONS 
BRYANTODUS SOLIDUs Stewart & Sweet, 
n. sp. 

Pl. 34, fig. 8 
Bar moderately arched, strongly bowed, 
with a promiment median ridge on its inner 





EXPLANATION OF PLATE 34 
Fig. I—Prioniodina sp. Lateral view, X36. Bone bed 2, Columbus limestone, locality 1. OSU 21071. 


2—Ozarkodina sp. Inner lateral view, X36. Bone bed 2, Columbus limestone, locality 1. OSU 
21045. 
3—Lonchodus? sp. Lateral view, X36. Bone bed 2, Columbus limestone, locality 1. OSU 21042. 


4—Ligonodina sp. Lateral view, X36. Bone bed 2, Columbus limestone, locality 11. OSU 21039. 
-_ sp. Outer lateral view, X36. Bone bed 2, Columbus limestone, locality 11. OSU 


+-Hindeodella sp. B. Outer lateral view, X36. Bone bed 2, Columbus limestone, locality 10. 
0988. 
a sp. Outer lateral view, X36. Bone bed 2, Columbus limestone, locality 11. OSU 


8—Bryantodus solidus Stewart & Sweet, n. sp. Outer lateral view of the holotype, X36. Bone bed 
3, Delaware limestone, locality 3. OSU 20980. 

9,11—Polygnathus linguiformis Hinde. Oral and aboral views of 2 nearly complete specimens, 
X36. Bone bed 3, Delaware limestone, locality 3. OSU 21046-21047. 

10—Prioniodina arlingtonensis Stewart & Sweet, n. sp. Lateral view of the holotype, X36. Bone 
bed 2, Columbus limestone, locality 1. OSU 21070. 

12—Prioniodus sp. Lateral view of the anterior portion of a fragmentary specimen, X36. Bone 
bed 3, Delaware limestone, locality 7. OSU 21072. 
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and outer sides. Anterior portion of bar 
surmounted by 13 laterally compressed, 
sharply pointed, marginally confluent den- 
ticles which are discrete only at their apices. 
The cusp, which occurs at the apex of the 
arch, is lenticular in cross section, and 
strongly inclined to the posterior. The pos- 
terior limb of the bar bears at least 6 den- 
ticles, which are similar to, although some- 
what smaller than those of the anterior 
wing. 

Aborally, the bar tapers to a sharp-edged 
keel which expands slightly beneath the 
cusp to form a shallow, subelliptical navel. 
A marked expansion of the outer lateral 
bar ridge beneath the cusp forms a promi- 
nent rounded knob in the median aboral 
portion of the outer lateral face. 

Occurrence-—Bone bed 3, Delaware lime- 
stone, locality 3. 

Type.—Holotype, OSU 20980. 


BRYANTODUS spp. 


Our collections contain a number of 
fragmentary conodonts which are too poorly 
preserved to merit illustration, but which 
are clearly referable to Bryantodus. None 
of these fragments seem close to the holo- 
type of B. solidus, which indicates that at 
least two (and probably more) species of 
Bryantodus are present in the bone beds. 
We attach no especial significance to these 
specimens, and mention them only for the 
sake of completeness. 

Occurrence-—Bone bed 1, Columbus lime- 
stone, locality 3; bone bed 2, Columbus lime- 
stone, localities 9 and 11; bone bed 3, Dela- 
ware limestone, locality 7; bone bed ?, 
Columbus limestone, locality 12. 

Repository.—OSU 20981-20986, inclusive. 


HINDEODELLA sp. A 
Pl. 34, fig. 5 


We have two incomplete specimens which 
clearly belong in Hindeodella, but which we 
are unable to identify specifically. The indi- 
vidual portrayed by figure 5 on Plate 34, 
represents the posterior portion of a rather 
long, stout bar which is markedly deflected 
posteriorly, and slightly bowed laterally. 
The oral margin is set with a series of 7 long, 
discrete denticles, which are subcircular in 
outline and slightly inclined to the posterior. 
Between each pair of major denticles there 
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is a smaller pair of only slightl 


. - Y erupt 
denticles whose outlines continue rg 


into the base. The bar is laterally expanded 
orally, but tapers to a rather sharp eq 
aborally. The posterior end of the Ate 
laterally compressed, longitudinally pe 
late, and abruptly recurved aborally, 

Occurrence.— Bone bed 2, Columbys lime. 
stone, locality 11. 

Repository.—OSU 20987. 


HINDEODELLA sp. B 
Pl. 34, fig. 6 


The specimen represented by figure 6, on 
Plate 34 consists of the nearly complete 
anterior end of a rather large individual. The 
bar is narrow, laterally compressed, slightly 
bowed, and aborally grooved. Anteriorly, jt 
curves regularly inward to form a distinct 
lateral process. The bar bears a series of 
sheathed, laterally confluent oral denticles 
and a much larger cusp at the junction of 
the bar and the antero-lateral process. The 
cusp is subcircular in cross section. The 
antero-lateral process is set with 5 discrete. 
sharp-pointed denticles of subequal size and 
length. The aboral edge of the unit bears 
shallow longitiudinal groove which expands 
beneath the cusp to form a subovate pit, or 
navel. 

Remarks.—This specimen differs from 
the one we are describing as Hindeodella sp. 
A-in that the anterior process is not notice. 
ably deflected aborally. 

Occurrence.—Bone bed 2, Columbus lime- 
stone, locality 10. 

Repository —OSU 20988. 


HINDEODELLA? sp. 
Pl. 34, fig. 7 


Our collections from the second bone bed 
contain three fragmentary specimens which 
represent nearly complete anterior ends of 
a bar-like conodont reminiscent of Hindeo- 
della. The cusp is large, posteriorly recurved, 
and occurs at the junction of the bar anda 
well developed antero-lateral process. The 
oral margin of the process is set with five or 
six small, discrete, slightly recurved den- 
ticles, whereas three similar denticles occur 
on the oral surface of the posterior bar. 

The aboral margin is very slightly 
grooved, the groove expanding into 4 
shallow, thick-lipped navel beneath the 





app 
any 
Teri 
as 


pro} 


shat 
pare 
late 
leng 


thre 
teri 
spic 
of t! 
rior! 
forn 
exte 
mar 
dent 
stro 


lach 


expe 
leng 





ipted 
ally 
Nded 
edge 
ar is 


atu. 


lime. 


5, on 
Dlete 
The 
rhtly 
y, it 
‘inet 
S of 
icles 
n of 
The 
The 
rete, 
and 
rs a 
nds 
t, Or 


| Sp. 
‘ice- 


me- 


bed 
lich 
; of 
leo- 
ed, 


he 
OF 
en- 
tly 


the 








OHIO DEVONIAN CONODONTS 267 


cusp. The antero-lateral process meets the 

terior bar at an angle of about 60 de- 
es, and appears to be only an abrupt 
erior recurvature of the bar itself. The 


t 
be js only slightly deflected aborally. 
P eemarks.—The sheathed relationship of 


the oral denticles, characteristic of Hindeo- 
jdla, cannot be observed in our specimens. 
Many hindeodellids can be distinguished 
from Ligonodina only on the basis of the 
sheathing of the minor denticles, although 
the anterior process of the latter genus 
generally has a more marked aboral deflec- 
tion. Since the antero-lateral process of our 
gecimens is only slightly deflected, we are 
assigning them provisionally to Hindeodella, 
although such a distinction may be of ques- 
tionable value. 

Occurrence—Bone bed 2, Columbus lime- 
sone, localities 9 and 11; bone bed ?, 
Columbus limestone, locality 12. 

Repository.—Figured specimen, OSU 
20990; unfigured specimens, OSU 20991- 
20992, inclusive. 


IcRIODUS ANGUSTUS Stewart & 
Sweet, n. sp. 
Pl. 33, fig. 4,5,11,15 


A number of specimens in our collections 
appear to be significantly different from 
any other species heretofore referred to 
Icriodus. We are, therefore, describing them 
as a distinct species, for which we are 
proposing the name IJcriodus angustus. 

The oral surface is attenuate, with a 
sharp pointed anterior terminus and sub- 
parallel lateral zones. The denticulated 
lateral rows diverge slightly near mid- 
length to accommodate a median row of 
small, discrete nodes. The denticles of all 
three rows are laterally opposed in the pos- 
terior portion of the unit so as to form con- 
spicuous transverse ridges. The denticles 
of the median row increase in length poste- 
fiorly, become contiguous marginally, and 
form a blunt carina which rises above and 
extends posterior to the denticles of the 
marginal rows. In most of our specimens, the 
denticles of the carina are inclined rather 
strongly to the posterior. 

The attachment scar is deep, narrow, 
lachrymiform in outline, and only’slightly 
expanded posteriorly. It extends the full 
length of the aboral side of the unit, and in 


many specimens is partially filled with bony 
material. 

Remarks.—Icriodus angustus compares 
most favorably with J. rectus Youngquist & 
Peterson from the Upper Devonian Shef- 
field shale of Iowa. It differs from that 
species, however, in that the _ posterior, 
blade-like extension of the median row 
denticles is more strongly developed, and 
the unit as a whole is not as expanded 
laterally. Our specimens are also close to the 
Grassy Creek individuals described as J. 
alternatus by Branson & Mehl. They differ 
from the Grassy Creek forms, however, in 
that the denticles are more prominent, and 
the nodes of the oral rows do not alternate 
in position, but form continuous transverse 
ridges. 

Occurrence.—Bone bed 1, Columbus lime- 
stone, locality 3; bone bed 2, Columbus 
limestone, locality 1; bone bed 3, Delaware 
limestone, localities 3 and 7; bone bed ?, 
Columbus limestone, locality 12. 

Types.—Holotype, OSU 20993. Figured 


paratypes, OSU 20994-20996, inclusive; 
unfigured paratypes, OSU 20997-21003, 
inclusive. 


IcRIODUS EXPANSUS Branson & Mehl 
Pl. 33, fig. 1,3,9,12-14 
Icriodus expansus BRANSON & MEHL, 1933 [1934], 

Missouri Univ. Studies, vol. 8, p. 225. [Nomen 

nudum]. ———BRANSON & MEHL. 1938, Jour. 

Paleont., vol. 12, p. 156, 158-161, 164, pl. 26, 

fig. 18-21. ——-STAUFFER, 1938, Jour. Paleont., 

vol. 12, p. 412, 430, pl. 52, fig. 12,14,16,19,20, 

25,33,35. ——STAUFFER, 1940, Jour. Paleont., 

vol. 14, p. 425, pl. 60, fig. 40,47,48, 59-64, 70,71. 

——GROHSKOPF, CLARK, & ELLISON, 1943, 

Missouri Geol. Surv., 62d Bien. Rep., App. 4, 

p. 15,16, pl. 2, fig. 1,2,5,8,11,13. BRANSON 

& MEHL, 1944, in Shimer & Shrock, Index 

fossils of North America, p. 245, pl. 94, fig. 63. 
MeuL & QuIGLEy, 1944, in Branson, 

Missouri Univ. Studies, vol. 19, p. 153, 158, pl. 

26, fig. 7-9, 13,14. ——-YounGguist & PETER- 

SON, 1947, Jour. Paleont., vol. 21, p. 246-247, 

pl. 37, fig. 5—7,10,20. Fay, 1952. Univ. 

Kansas Paleont. Contr., Vertebrata, Art. 3, p. 

110. 

Specimens representative of this general- 
ized form of Jcriodus are numerically 
conspicuous in our collections from the 
Ohio bone beds, a relationship that ap- 
parently obtains throughout the Middle and 
Upper Devonian. Individuals typical of the 
species are characterized by a rather broad 
oral surface, the lateral margins of which are 
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conspicuously convex. The anterior termi- 
nus of the platform is more sharply pointed 
than the posterior end, which, in most 
specimens is rather broadly rounded. The 
oral surface is surmounted by three longi- 
tudinal rows of more or less discrete, antero- 
posteriorly compressed denticles. The mar- 
ginal series coverge anteriorly so that near 
the anterior end of the platform there are 
only two denticulated rows. At the extreme 
anterior end of typical specimens, there is 
only a single denticle. The denticles of the 
median row are typically less prominent 
than those of the lateral series throughout 
most of the platform, but they increase in 
size and length posteriorly so that the 
extreme posterior portion of the unit is 
marked by a large denticle aligned with 
those of the median row. 

The aboral excavation is deeply cupped, 
lachrymiform in outline, and broadly ex- 
panded posteriorly. Most of our specimens 
retain some whitish or yellowish-brown 
bony material within the attachment cavity. 

Remarks.—Icriodus expansus is perhaps 
the simplest of the several species referred 
to the genus, and probably for that reason 
it has a reported geologic range coextensive 
with that of the genus itself. J. nodosus 
(Huddle) is clearly related, differing only 
in slight lateral elaboration of the attach- 
ment cavity to produce a blunt, lobe-like 
process which is sometimes denticulated 
orally. 

Occurrence.—Bone bed 1, Columbus lime- 
stone, localities 3 and 6; bone bed 2, Colum- 
bus limestone, localities 1, 5, 9, 11; bone bed 
3, Delaware limestone, localities 3, 4, 8; 
bone bed ?, Columbus limestone, locality 
12. 

Types.—Figured plesiotypes, OSU 21004- 
21009, inclusive. Unfigured plesiotypes, 
OSU 21010-21020, inclusive. 


ICRIODUS LATERICRESCENS 

Branson & Mehl 

Pl. 33, fig. 2,6,7 
Icriodus latericrescens BRANSON & MERL, 1938, 
Jour. Paleont., vol. 12, p. 156, 158, 164, 165, 
pl. 26, fig. 30-37. ——-STavuFFER, 1938, Jour. 
Paleont., vol. 12, p. 413, 430, pl. 52, fig. 30—- 
32,34. Branson & MEHL, 1941, Jour. 
Paleont., vol. 15, p. 100. BRANSON, 1941, 
Kans. Geol. Soc., Guidebook 15th Ann. Field 
Conf., p. 83. ——Gronskopr, CLARK, & 
ELLIsoNn, 1943, Missouri Geol. Surv., 62d Bien. 








Rept., App. 4, p. 16, pl. 2, fig. 4,7. —Bray 
son & MEHL, 1944, 1m Shimer & Shrock Ini 
fossils of North America, p. 245, pl. 94. 6 = 
BRANSON, 1944, Missouri Uniy. Studies 
vol. 19, p. 134, 135. YOUNGOQUIST 1947) 
Jour. Paleont., vol. 21, p. 102, 103, pl. 25. ¢,’ 
12, ——GRaVES, 1952, Jour. Paleont., vol, 9¢ 
P. 612, pi 81, fi. og os Fay, 195) 
niv. Kansas Paleont. Contr., 1 
Art. 3, p. 110. Vertebrata 











Representatives of this distinctive form 
are not uncommon in the Ohio bone bed 
conodont faunas. The platform proper jg 
relatively long and narrow, the sides diverg. 
ing only slightly throughout their length, 
Oral denticulation consists of three longi- 
tudinal rows of nodular, more or less dis. 
crete denticles which converge in such a 
fashion that only a single row of tubercles js 
present at the anterior terminus of the unit. 
The denticles of the median row are some. 
what smaller than those of the lateral series, 
with which they alternate in position, and 
are typically compressed longitudinally, 

Near the posterior end of the platform, 
the base expands somewhat, and gives rise 
to a relatively long, sharp pointed lateral 
process which bears one or more rows of 
sharp pointed denticles on its oral surface. 
In most of our specimens, these accessory 
denticles are less prominent than are those 
of the platform proper. 

The aboral surface of the unit is deeply 
excavated, the excavation extending nearly 
to the tip of both the platform and the 
lateral process. The basal excavation ex- 
pands from a narrow groove near the distal 
ends of the limbs to a wide, subquadrate 
cavity beneath the posterior end of the 
platform. Several of our specimens retain 
some bony material within this deep excava- 
tion. 

Remarks.—As pointed out by its authors, 
Icriodus latericrescens is not only the most 
distinctive of the species commonly referred 
to the genus, but it is also one of the most 
variable. However, much of this variation 
is apparently a result of comparison between 
individuals representative of different 
growth stages. Immature specimens, such 
as the one represented by figure 2 on Plate 
33, are generally blunt anteriorly; the addi- 
tion of the slender anterior terminus of the 
platform apparently represents a rather 
late stage in the growth of the individual 
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The same general conclusions seem also to 
apply to differences in length, size, and 
development of the lateral process. 

Occurrence—Bone bed 2, Columbus lime- 
stone, localities 5 and 9; baie ted 2. 
Columbus limestone, locality 12. 

T ypes.—Figured plesiotypes, OSU 21021- 
11022. Unfigured plesiotypes, OSU 21023- 
11026, inclusive. 


IcriopUS NoDosuUsS (Huddle) 
Pl. 33, fig. 8,10 
Gondolella? nodosa Huppb_e, 1934, Bull. Amer. 
Paleont., vol. 21, no. 72, p. 16, 94, pl. 8, fig. 


a nodosus BRANSON & MEHL, 1938, Jour. 


nt., vol. 12, p. 156, 158, 159, 160, 163, pl. 
mf, 14-17,22. MEHL & QUIGLEY, and 
QUIGLEY, respectively, im Branson, 1944, 
Missouri Univ. Studies, vol. 19, p. 153, 158, pl. 
26, fig. 6. ——Downs & Youncguist, 1950, 
Jour. Paleont., vol. 24, p. 670, pl. 87, figs. 
17,18,21,22. ——Fay, 1952, Univ. Kansas 
Paleont. Contr., Vertebrata, Art. 3, p. 110. 


Representatives of this distinctive species 
are not common in our collections, but 
sveral specimens have been recovered from 
Ohio bone bed material. As others have 
pointed out (Branson & Mehl, 1938, p. 160; 
Downs & Youngquist, 1950, p. 670) the 
species is clearly related to I. expansus, 
differing from it chiefly in that the expanded 
postero-aboral outline is produced at one 
side to form a more or less abrupt, subtri- 
angular offset. This offset portion of the 
basal excavation may or may not bear 
asmall laterally elongate denticle on its oral 
surface. 

The several specimens present in our 
collections compare favorably with the 
material illustrated by Branson and Mehl, 
so we are referring them to Icriodus nodosus 
(Huddle) without question or further de- 
scription. 

Remarks—There are apparently all de- 
grees of gradation between typical Icriodus 
expansus (which has a subcircular postero- 
aboral outline) and forms thought to be 
representative of J. nodosus. Consequently, 
itis indeed difficult to recognize meaningful 
specific limits in this series. Some of the 
specimens which we are referring to the 
former species have modified aboral out- 
lines which approach J. nodosus in con- 
figuration. However, none of these have 
accessory denticles on the oral surface of 





the lateral process, a characteristic that we 
have used to differentiate the two species. 

Occurrence.—Bone bed 1, Columbus lime- 
stone, localities 3 and 6; bone bed 2, Colum- 
bus limestone, localities 3, 5, 9, 10; bone bed 
3, Delaware limestone, locality 4; bone bed 
?, Columbus limestone, locality 12. 

Types.—Figured plesiotypes, OSU 21027- 
21028. Unfigured plesiotypes, OSU 21029- 
21034. 


LIGONODINA spp. 
Pl. 34, fig. 4 


We are referring to Ligonodina four in- 
complete denticulated bars which are so 
fragmentary that we are unable to identify 
them specifically. The individual portrayed 
by figure 4 on Plate 34 consists of a portion 
of a bar which is incomplete posteriorly 
and anteriorly. The oral surface of the bar 
bears six small denticles, all of which are 
broken near mid-length and incline slightly 
to the posterior. The anterior end is set with 
a large, massive denticle, whose position 
above a slight expansion of the shallow, 
groove-like basal excavation indicates that 
it is the cusp. The bar is strongly bowed 
laterally, and the general configuration of 
the broken anterior end suggests that it 
curved abruptly downward and laterally. 

Three additional specimens, which do not 
merit illustration, appear to represent only 
the anterior ends of typical ligonodinids. In 
all of these, there is an abrupt aboro-lateral 
recurvature of the anterior terminus of the 
bar, forming a distinct process whose oral 
margin is set with small, discrete denticles. 
The aboral surface of each of these speci- 
mens is longitudinally grooved, and an 
elliptical expansion of this groove occurs 
beneath the junction of the bar and aboro- 
lateral process. 

Occurrence-—Bone bed 1, Columbus lime- 
stone, locality 3; bone bed 2, Columbus 
limestone, locality 11. 

Repository.—Figured specimen, OSU 
21039; unfigured specimens, OSU 21040— 
21041. 


LONCHODUS? spp. 
Pl. 34, fig. 3 


The specimen illustrated by figure 3 on 
Plate 34 consists of part of a delicate bar 
which is subcircular in transverse cross sec- 
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tion, and bears 4 discrete, posteriorly in- 
clined denticles on its oral surface. The 
denticles are of subequal size and length, 
and are uniformly circular in cross section. 
The aboral edge of the bar is slightly flat- 
tened, and in some portions it is slightly 
excavated longitudinally. 

In addition to the individual figured, we 
have two fragmentary specimens which we 
are also placing in Lonchodus with question. 
Both of these specimens are incomplete 
anteriorly and posteriorly, but both have a 
general physiognomy similar to that of the 
figured specimen. They differ from it, how- 
ever, in that the denticles appear to be of 
alternating size and length. 

Remarks.—So many fragments of un- 
certain generic affinities have been referred 
to Pander’s Lonchodus that we are no longer 
certain as to the status of the genus itself. 
Indeed, Pander himself included in the 
genus such an apparent variety of incom- 
plete bar-like units that it is difficult to 
ascertain the proper limits of the group. 
However, the specimens that we are 
tentatively referring to Lonchodus compare 
favorably with the accepted type species, L. 
simplex Pander, but they are so incomplete 
that we cannot make a positive identifica- 
tion. 

Occurrence.—Bone bed 1, Columbus lime- 
stone, locality 6; bone bed 2, Columbus 
limestone, locality 1; bone bed 3, Delaware 
limestone, locality 7. 


Repository.—OSU 21042-21044, inclusive. 


OZARKODINA sp. 
Pl. 34, fig. 2 


Ozarkodina is represented in our collec- 
tions by the fragmentary anterior portion 
of a relatively large individual. The blade is 
laterally compressed, subelliptical in trans- 
verse cross section, and surmounted orally 
by a series of 10 laterally compressed, sharp 
pointed denticles which are confluent for 
most of their length above the base. All of 
the denticles incline slightly to the posterior. 
The aboral edge of the blade is slightly con- 
stricted, thin, and bears a narrow, shallow 
excavation in its posterior portion. Appar- 
ently this excavation expanded rather 
widely beneath the cusp for that portion of 
it which is preserved is considerably broader 
posteriorly than it is anteriorly. 
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Occurrence.—Bone bed 2, Columbys lim 
stone, locality 1. . 
Repository.—OSU 21045. 


POLYGNATHUS LINGUIFORMIS Hinde 
Pl. 34, fig. 9,11 


Polygnathus linguiformis HINnpE, 1879 Geol 
Soc. London, Quart. Jour., vol. 35 pt. F lpg 
139, art. 29, p. 367, pl. 17, fig. 15, °°’ ™ 

Polygnathus crassus HINDE, 1879, idem p. 365 
pl. 17, fie. 3. ae 

Polygnathus? simplex H1NDE, 1879, idem p. 367 
368, pl. 17, fig. 18. aati 

Polygnathus linguiformis GRABAU, 1899 Buffal 
Soc. Nat. Sci., Bull., vol. 6, p. 157, fig. 44, 

Polygnathus simplex GRABAU, 1899, idem p 157 
158, fig. 46. a 

Polygnathus linguiformis BRYANT, 1921, Buffalo 
Soc. Nat. Sci., Bull., vol. 13, p. 25, pl. 11 
fig. 1-9. Hormes, 1928, U. S. Nat. Mus’ 
Proc., vol. 72, p. 18, 19, pl. 7, fig. 22. . 

Polygnathus simplex HOLMES, 1928, idem p. 18 
19, pl. 7, fig. 5 shi 

Polygnathus linguiformis BRANSON & Mem, 
1933, Univ. Missouri Studies, vol. 8, p, 148 
150, pl. 12, fig. 6,7. [Pages 149 and 150 are re. 
versed in this publication. Page 149 should be 
p. 150; p. 150 should be p. 149.] ——Huppiz 
1934, Bull. Amer. Paleont., vol. 21, no. 72 p. 
16, 95, 96, pl. 8, fig. 4,5. 7 

Polygnathus sanduskiensis STAUFFER, 1938, Jour, 
Paleont., vol. 12, p. 438, pl. 53, fig. 27,36,37, 

STAUFFER, 1940, Jour. Paleont., vol. 14 

p. 430, pl. 60, fig. 80,82,89,90. ' 

Polygnathus linguiformis BRANSON, 1944, Mis 
souri Univ. Studies, vol. 19, p. 173. 

(?) Polygnathus sanduskiensis Tuomas, 1949, 
a Soc. America, Bull., vol. 60, p. 408, pl. 1, 

g. 24. 

Polygnathus linguiformis Fay, 1952, Univ. 
Kansas Paleont. Contr., Vertebrata, Art. 3, p. 
155. 

Polygnathus crassus Fay, 1952, idem, p. 152. 

Polygnathus? simplex Fay, 1952, idem, p. 159. 





Specimens in our collections of this com- 
mon species have a stout, deeply concave 
platform which is bounded laterally by dis- 
tinct ridges of fused, laterally compressed 
denticles. The posterior portion of the plat- 
form is produced into a thick, tongue-like 
process which is deflected aborally, and 
slightly to markedly twisted laterally. The 
oral surface of the posterior process bears 
a series of generally 8 to 10 prominent 
transverse ridges, although the number of 
these corrugations is apparently quite 
variable. 

The lateral ridges of the platform proper 
do not continue onto the oral surface of the 
posterior process. The ridge on the margin 
opposite to the direction in which the proc- 
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OHIO DEVONIAN CONODONTS 


wistS expands adorally near its pos- 
remity, and curves slightly inward. 
The opposed lateral ridge is nearly coinci- 
jent with the oral plane in its posterior por- 
jon, curving slightly orad only near its 
istal margin. Anteriorly, however, this 
curves abruptly orad, and is separated 


1 the carina by a deep longitudinal de- 


ess t 
terior ext 


jon. 
.* carina is thin, blade-like, and com- 


of 10-15 marginally fused, laterally 
compressed denticles which are discrete 
only at their distal ends. This structure 
atends beyond the platform anteriorly for a 
distance equivalent to about half the plat- 
orm length, and is highest and most con- 
spicuous in this portion. Posteriorly, the 
arina decreases in height, and near the 
posterior extremity of the platform it is 
presented by only a few low tubercles or 
nodes. 

The aboral surface is bisected longitudi- 
ully by a prominent keel which is deflected 
literally beneath the posterior process of the 
jatiorm. Near platform mid-length, the 
\eel subdivides to form a small, deep, subo- 
vate navel or escutcheon; it continues 
beneath the anterior end of the unit as two 
allel, closely approximated ridges. Most 
of our specimens have a relatively thick, 
imegular mass of bony material “fused” 
to the aboral surface. 

Remarks—Representatives of this dis- 
tinct, easily recognizable species are the 
most common constituents of the bone bed 
cnodont faunas. Our specimens exhibit 
considerable variation, which is especially 
noticeable in the length, degree of aboral 
defection, and amount of lateral twisting 
of the posterior platform process. The 
Genesee specimens from which Hinde 
elected the holotype appear to represent an 
etreme, in that the process is long and 
strongly deflected, whereas some of our 
secimens have short processes which are 
only slightly deflected. 

Polygnathids from the Widder beds and 
the Arkona shale of southern Ontario, the 
Pum Brook and Olentangy shales of Ohio, 
escribed by Stauffer as P. sanduskiensis, do 
wot appear to differ significantly from the 
types of P. linguiformis Hinde, as refigured 
ty Branson and Mehl in 1933. Our speci- 
nets have been carefully compared with 
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topotypes, collected from Hinde’s Genesee 
shale locality, and they are undoubtedly 
conspecific. 

Occurrence-—Bone beds 1, 2, and 3, 
Columbus and Delaware limestones, local- 
ities 1-12. 

Types.—Figured plesiotypes, OSU 21046- 
21047; unfigured plesiotypes, OSU 21048- 
21067. 


PRIONIODINA ARLINGTONENSIS Stewart 
& Sweet, n. sp. 
Pl. 34, fig. 10 


We have a large specimen from the 
second bone bed which clearly belongs in the 
genus Prioniodina, but which appears to 
represent an undescribed species of that 
genus. The bar and anterior process are of 
subequal length, the process being deflected 
aborally at an angle of about 45 degrees, and 
only slightly curved laterally. The oral sur- 
face of both bar and anterior process bears a 
series of recurved, laterally compressed, 
discrete denticles, which appear to increase 
in size and length toward the center of the 
unit. The aboral margin of the bar and 
anterior process bears a slight groove-like 
excavation which flares into a_ shallow, 
thick-lipped pit beneath the apical denticle. 

Remarks.—Prioniodina arlingtonensis most 
closely resembles the prioniodinids described 
by Branson & Mehl (1934, p. 213-215) from 
the Grassy Creek shale of Missouri. It dif- 
fers from those forms, however, in that the 
denticles are considerably larger, and the 
bar is not markedly swollen at mid-width. 

Occurrence-—Bone bed 2, Columbus lime- 
stone, locality 1. 

Type.—Holotype, OSU 21070. 


PRIONIODINA sp. 
Pl. 34, fig. 1 


Bar laterally expanded, bearing six ap- 
pressed, slightly inclined denticles (all in- 
complete) on its oral surface. The preserved 
portion of the denticle occurring directly 
above the pit-like expansion of the aboral 
groove is considerably larger than those 
adjacent to it, hence it probably represents 
the cusp. Aboral margin restricted, bearing 
a narrow, median excavation which expands 
to form a shallow pit at the anterior end. 

Remarks.—The general configuration of 
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the expanded end of this specimen indicates 
that the anterior process was probably in 
the same plane as the remainder of the unit, 
and that the conodont as a whole was but 
slightly arched. For these reasons we are 
referring the specimen to Prioniodina rather 
than to Ligonodina, which is closely related. 

Occurrence.—Bone bed 2, Columbus lime- 


stone, locality 1. 
Repository.—OSU 21071. 


PRIONIODUS sp. 
Pl. 34, fig. 12 


Cusp large, asymmetrically lenticular in 
cross section, being flattened on its inner 
surface and broadly rounded on its outer 
face. Anticusp long, thin, aborally pointed, 
slightly curved to the anterior in its distal 
portion. Basal excavation shallow, sheathed 
on the inner side by a broad expansion of 
the cusp base. Posterior bar missing, but it 
apparently joined the cusp at an angle some- 
what greater than 90 degrees. 

Occurrence.—Bone bed 3, Delaware lime- 
stone, locality 7. 

Repository.—OSU 21072. 


TRICHONODELLA sp. 


We have a single, fragmentary specimen 
from a loose block of bone bed material 
found near Bellefontaine, Ohio, which is 
clearly referable to Trichonodella, but which 
is too poorly preserved to merit illustration. 
We are including a brief discussion of this 
form, however, largely for the sake of 
completeness. 

Cusp large, subcircular in section, regu- 
larly recurved, flanked on either side by a 
short wing, the oral surfaces of which bear a 
single, blunt, node-like denticle. Cusp base 
produced posteriorly to form a short, later- 
ally compressed, nondenticulate bar. Lateral 
wings and posterior process deeply ex- 
cavated aborally; a deep, subconical pit with 
flaring margins occurs beneath the cusp. 
The entire unit is covered with a druse of 
minute dolomite (?) crystals, presumably 
formed during the process of extracting the 
conodont from its original calcareous ma- 
trix. 

Occurrence.—Bone bed ?, Columbus lime- 
stone, locality 12. 

Repository —OSU 21073. 


CATALOGUE OF LOCALITIES 
Franklin County 


1.—Bone bed 2, Columbus limestone. Conodonts 


secured from a slab of bone bed wy 

the Ohio State University geological. 

seum, bearing museum number 3818 * ond 

= ~ ~ tee on quarries near . 
arble Cli uarry Com 

lington, Ohio. Pany office, Ar 


2.—Bone bed 2, Columbus limestone. West val 


of Hobo quarry (Marble Cliff 
Company), on west side of Scioto Ri 
opposite Marble Cliff station. e 


3.—Bone beds 1 and 2, Columbus limestone: 


bone bed 3, Delaware limestone. W 
of Scioto quarry (Marble Clif oo 
eee a short distance north of locality 


4.—Bone bed 3, Delaware limestone, Roadside 


exposure at the junction of McCoy an 
Scioto River roads on east side of Scioto 
River (1 mile north of Fishinger Road 
bridge). 


5.—Bone bed 2, Columbus limestone. East wal] 


of J. and L. Snouffer quarry, east side 
Scioto River, 1 mile south of Dublin ral 


Delaware County 


6.—Bone bed 1, Columbus limestone. Top of 


section exposed in abandoned (lower) quarry 
of Miami Stone Company, on west side of 
Olentangy River, 2 miles north of Bartholo- 
mew Run. 


7.—Bone bed 3, Delaware limestone. Near top 


of section exposed in southeastern wall of 
upper Miami Stone Company quarry, ? 
miles north of Bartholomew Run. 


8.—Bone bed 3, Delaware limestone. Top of 


section exposed in old quarry immediately 
north of abandoned schoolhouse, west side 
of Olentangy River, 1 mile north of Strat. 
ford, Ohio (Stauffer, 1909, p. 92). 


Marion County 


9.—Bone bed 2, Columbus limestone. Upper 


portion of section exposed in east wall of an 
abandoned quarry on the north side of road, 
just east of Owen, Ohio (5 miles southwest 
of Marion) (Stauffer, 1909, p. 85). 


Crawford County 


10.—Bone bed 2, Columbus limestone. Near top 


of east wall in National Lime and Stone 
Company quarry, on Broken Sword Creek, 
1 mile northwest of Spore, Ohio (6 miles 
northwest of Bucyrus) (Stauffer, 1909, p. 
109) 


Erie County 


11.—Bone bed 2, Columbus limestone. Above 


coral zone in east wall of abandoned quarry 
at end of railroad spur, 2 miles south 0 
Venice, Ohio (Stauffer, 1909, p. 129). 
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Logan County 


Columbus limestone. Conodonts 
— block of bone bed 


{2.—Bone 

ed from a loose 

war secured in an abandoned quarry of 

the Niagara Lime and Stone Company on 
the west side of Bellefontaine, Ohio. 
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TWO NEW TERTIARY OSTRACODE GENERA FROM FLOoRIp4s 


HARBANS S. PURI 
Florida Geological Survey, Tallahassee 





ABSTRACT—Two new genera of Ostracoda are described: Climacoidea (type species: 
C. plueurata Puri, n. sp.) from the Caloosahatchee marl (“Pliocene”) and Howellg 
(type species: Cythere evax Ulrich and Bassler) from the Miocene of Maryland and 
Florida. A new species, Howella echinata, is described from the Cooper marl (upper 
Eocene). Climacoidea Puri, n. gen., cannot be classified in a family but Howella Puri 
n. gen., is placed under the subfamily Trachyleberidinae Sylvester-Bradley, 1948, 





INTRODUCTION 





HE “form” genus Cythereis Jones, 1850, 
"Tt he been a dumping ground for several 
cytherid genera. Species formerly included in 
this genus have been transferred to several 
well-defined genera and most of these genera 
are now included in the subfamily Trachyle- 
beridinae. In the present paper another 
cytherid genus is set up to include echinose 
species which show three well-developed 
longitudinal rows of spines. Also, a new 
genus, Climacoidea, is proposed for a ribbed 
species from the Caloosahatchee marl, south- 
ern Florida. 
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TYPES 


Types are deposited in the Florida Geo- 
logical Survey Museum; the Henry V. 
Howe collection, Louisiana State Univer- 
sity; and the U. S. National Museum, 
Washington, D.C. 

Abbreviations here used for depositories 
are: 

FGS—Florida Geological Survey 


HVH—Henry V. Howe collection 
USN M—uUnited States National Museum 


LOCALITIES 


Listed below are the localities from 
which samples were collected. Reference to 

* Publication authorized by the Director, 
Florida Geological Survey. 


locations contained in the text are indicated 
by index numbers which precede each entry 
1. Upper Eocene, Cooper marl. T; “ 
city of Charleston, 10 miles north of Char 
ton, South Carolina. Sample from 50 feet below 
surface. B. W. Blanpied, collector. ‘ 
2. Miocene, Choctawhatchee stage, Ecphor 
facies. Jackson Bluff, Ochlockonee River 
— County, Florida. Sample from top shell 


3. Miocene, Choctawhatchee stage, Calver 
formation. Plum Point, west side of Chesa. 
peake Bay, cliff 1 mile south of Plum Point 
Maryland. Sample from 36 feet above base. ' 

4. ‘‘Pliocene,’”’ Caloosahatchee marl, i. 
Belle Chamber of Commerce Picnic Grounds 
about two miles southwest of court hous 
LaBelle, Hendry County, Florida. Sample 
from the bank of the Caloosahatchee River 
three feet above river level. 


Family CYTHERIDAE Baird, 1850 
Subfamily TRACHYLEBERIDINAE Syl- 
vester-Bradley, 1948 
Genus HowELLa Puri, n. gen. 


Cythere [part] of authors 

Cythereis [part] of authors 

Trachyleberis [part] of authors 

Echinocythereis Puri, 1954 [part] 

Type species: Cythere evax Ulrich & 
Bassler, 1904, p. 119, pl. 36, fig. 6-8. 

Description.—Carapace — subrectangular, 
subangular posteriorly, subovate in side 
view. Anterior end broadly rounded, den- 
ticulate, with well-developed marginal rim, 
posterior end subangular to obliquely 
rounded. Dorsal margin more or les 
straight, ventral margin concave in the 
middle. Surface of the carapace in the 
anterior half ornamented with small 
rounded spines arranged concentrically; 
posterior half with three well-developed 
rows of echinose spines. Central tubercle 
well-developed with a cluster of short, 
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stubby spines. Marginal area broad, mar- 
‘al pore-canals numerous, long and 
vaight, more in the anterior marginal than 
the posterior and ventral margins. Hinge of 
right valve with an anterior crenulate tooth 
yith three lobes, a postjacent socket and a 

sterior knob-like large tooth connected 
with a groove. Hinge of the left valve 
complementary. 

Named in honor of Dr. Henry V. Howe, 
pirector, School of Geology, Louisiana 
State University. 

Horizon.—Miocene. 

Remarks—This genus is very close to 
Echinocythereis Puri, 1954, but differs from 
it in having three well-developed longi- 
tudinal rows of spines in the posterior half 
of the carapace. It differs from Actino- 
ythereis Puri, 1952, in being echinose, and 
having concentrically arranged spines in 
the anterior half of the carapace. The 
relationship of Howella with Echinocythereis 
is the same as the relationship of Actino- 
cythereis with Trachyleberis Brady, 1898. 


HowELLA EVAX (Ulrich & Bassler) 
Pl. 35, fig. 1-8 


Cythere evax ULRICH & BAssLER, 1904, Maryland 
Geol. Survey, Miocene Report, p. 119, pl. 36, 
fig. 6-8. 

Cythere evax oblongula (oblongata on description 
of Pl. 36) ULkicH & BAssLER, 1904, Maryland 
Geol. Survey, Miocene Report, p. 119, pl. 36, 
fig. 9,10. 

Cahors evax SwAIN, 1948, Maryland Dept. 
Geology, Mines and Water Res., Bull. 2, p. 204, 
pl. 12, fig. 19,20. 

Trachyleberis evax SWAIN, 1951, U. S. Geol. Sur- 
vey, Prof. Paper, 234-A, p. 28, pl. 3, fig. 1-3. 

Echinocythereis evax Puri, 1954, Florida Geol. 
Survey, Bull. 36, p. 260, 261, pl. 12, fig. 1; 
text-fig. 9c. 


Remarks.—This species was originally 
described from the Calvert Miocene of 
Maryland (Ulrich & Bassler, p. 119) and 
has since been reported from the Florida 
panhandle (Puri 1954, p. 260, 261). It re- 
mains an excellent marker for the Choctaw- 
hatchee stage as it is stratigraphically re- 
stricted and morphologically very distinct. 

Dimensions of plesiotype no. HVH 4700, 
aright valve from locality no. 2; length .718 
mm.; height .425 mm.; plesiotype no. FGS 
$5000, a left valve from locality no. 3: 
length .835 mm.; height .576 mm. 


HOWELLA ECHINATA Puri, n. sp. 
Pl. 35, fig. 9-14; Pl. 36, fig. 1-4 


Description.—Carapace large, subrec- 
tangular subovate in side view. Anterior end 
broadly rounded, denticulate; posterior end 
broadly rounded in the ventral half, ob- 
liquely rounded in the dorsal half. Dorsal 
margin straight, ventral margin slightly 
concave in the middle. Surface of the cara- 
pace ornamented with short spines arranged 
concentrically in the anterior half; posterior 
half with three well-developed rows of 
spines. The dorsal and ventral rows of 
spines parallel the dorsal and _ ventral 
margins respectively. Of these three rows, 
the ventral and central rows are more 
prominent. Between these two rows is a 
deep, almost smooth furrow. The subcentral 
tubercle is well-developed, and is set with 
6-10 short stubby spines. In weathered 
specimens the ornamentation shows a 
reticulate pattern. The spines on weathering 
leave quadrate pits in their position 
surrounded by the bases of the spines (see 
Pl. 35, fig. 12). Pore canals and hinge normal 
for the genus. 

Horizon.—Upper Eocene, Cooper Marl. 

Remarks.—This species differs from the 
H. evax in being thickly and closely orna- 
mented. The posterior end in H. evax has a 
tendency towards angulation while in H. 
echinata it tends to be subrounded. 

Dimensions of paratype no. HVH 4701, a 
right valve: length .759 mm., height .417 
mm.; paratype no. HVH 4702, a left valve: 
length .718 mm., height .442 mm.; holo- 
type no. FGS S-5001, a complete carapace: 
length .759 mm., height .425 mm.; para- 
type no. USNM P-2054, a right valve: 
length .668 mm., height .400 mm. All type 
specimens are from locality no. 1. 


Family uncertain 
CLIMACOIDEA Puri, n. gen. 


Type species: Climacoidea plueurata Puri, 
n. sp. 

Description.—Carapace medium, sub- 
rectangular. Surface of the carapace orna- 
mented with raised ridges which roughly 
run parallel with the outline of the carapace. 
Areas between ridges are like steps; these 
areas are wide, smooth, reticulate or pitted. 
Anterior margin wide, posterior margin nar- 
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row. Marginal pore canals few and straight. 
Line of concrescence coincides with the 
inner margin. Hinge in the right valve with 
an anterior large, lobate tooth, a large post- 
jacent socket and a posterior lobate tooth, 
connected with a deep furrow. The connect- 
ing furrow is bounded both dorsally and 
ventrally with thin smooth bars. The 
ventral bar also goes around the anterior 
postjacent socket. Hinge in left valve with 
an anterior lobate tooth, and adjacent 
socket, a well-developed lunule, dorsal por- 
tion of which looks like a rounded tooth; and 
a posterior socket with base of tignum 
shaped like a rounded tooth. The anterior 
and posterior elements of the hingement are 
connected with tignum which is straight and 
narrow. Muscle scar pattern obscure; two 
close-spaced vertical rows of three scars 
observed in one specimen. 

The generic name is derived from Greek, 
climac (kAtua£é), meaning a ladder, staircase. 

Horizon.—‘‘Pliocene,”’ Caloosahatchee 
marl. 

Remarks.—The general outline of the 
carapace resembles Hemicythere Sars but 
the hinge and ornamentation distinguish it. 


CLIMACOIDEA PLUEURATA Puri, n. sp. 
Pl. 36, fig. 5-12 


Description.—Carapace _subrectangular, 
oblong in side view. Anterior end obliquely 
rounded above, broadly rounded below; 
slightly wavy in some specimens. Posterior 
end sharply rectangular below, oblique 
above. Surface of the carapace ornamented 
with ribs which run roughly parallel to the 
outline of the carapace. Central ribs have a 
tendency to be wavy and oblique. The 
dorsalmost rib starts at a point posterior to 
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the anterior cardinal angle and 80€S all the | 


way around the carapace until it nears gh 
posterior cardinal angle where it deflects 


the anterior and traverses the posterior half 


of the carapace. A second rib starts in ti 
middle of the posterior end and tra 


around the carapace until it joins the fi 


row, then deflects anteroventrally and 
roughly parallel to the first rib. There 
two U-shaped ribs, one with base of the 
towards the posterior end. An additional 
slightly below the middle completes this a 
zag pattern. Some specimens show slig 
deviation in the course of ribs but are 
general parallel to the outline of the carapae 
Hinge and pore canals normal to the geg 

The specific name is derived from Greek 
plueura (wAevpa), meaning rib. 

Horizon.—‘‘Pliocene,”’ —_ Caloosahatchee 
marl. 

Dimensions of syntype no. HVH 4703.4 


left valve: length .642 mm., height .334_ 
mm.; syntype no. FGS S-5002, a right val 7 


length .642 mm., height .334 mm.; synty 
USNM P-2055, a complete carapace: len 
.659 mm., height .359 mm. All the types an 
from locality No. 4. 
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EXPLANATION OF PLATE 35 
All figures approximately X65. 


Fic. 1-8—Howella evax (Ulrich & Bassler). 1, right valve, plesiotype, HVH 4700, locality 2; 2, in ide 
view of same specimen; 3, dorsal view of same specimen; 4, ventral view of the same spece 
men; 5, left valve, plesiotype, FGS S-5000, locality 3; 6, inside view of same specimen; 7 
dorsal view of same specimen; 8, ventral side of same specimen. _ 
9-14—Howella echinata Puri, n. sp., locality 1. 9, right valve, paratype, HVH 4701; 10, im 
view of same specimen; //, dorsal view of same specimen; /2, left valve, paratype, 
4702; 13, inside view of same specimen; 1/4, dorsal view of same specimen. 
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EXPLANATION OF PLATE 36 
All figures approximately X65, unless otherwise indicated. 


Fic. -4—Howella echinata Puri, n. sp., locality 1. 1, holotype, FGS S-5001, ventral view of a com- 
plete carapace; 2, dorsal view of same specimen; 3, right valve view of same specimen; 4, 
left valve view of same specimen. 

5-12—Climacoidea plueurata Puri, n. gen., n. sp., locality 4. 5, left valve, syntype HVH 4703; 

6, inside view of same specimen; 7, right valve, syntype FGS S-5002; 8, inside view of same 
om: 9, syntype HVH 4703, (130) showing detailed hinge structure; 10, syntype 
GS S-5002, (130) showing detailed hinge structure; 11, syntype HVH 4703, dorsal view; 
12, syntype FGS S-5002, dorsal view. 
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UPPER CRETACEOUS FORAMINIFERA, OSTRACODA, Anp 
RADIOLARIA FROM MINNESOTA 


EDWARD J. BOLIN 
Bakersfield, California 





INTRODUCTION 


HE purpose of this report is to record 
the microfaunas obtained from several 
samples of Cretaceous rocks in central and 
southern Minnesota, to attempt generalized 
correlations with other Cretaceous micro- 
faunas, and to suggest ecologic interpreta- 
tions. 

Cretaceous microfossils in Minnesota 
were first recorded from clays and boulder 
clays in Meeker and Koochiching counties 
(Woodward & Thomas, 1895). Most of the 
microfossils described in that report appear 
to be of Coniacian-Santonian age. However, 
changes have occurred in the generic assign- 
ments of many of the species identified by 
Woodward & Thomas, and a reexamination 
of the specimens (no longer extant), would 
be necessary to establish a definite age. 
Foraminifera were found in several explora- 
tory drill holes between the Mesabi and 
Cuyuna iron ranges in 1943. George Gryc 
(unpublished report) made a preliminary 
study of these sediments but did not specif- 
ically identify the Foraminifera he found. 
He suggested, however, that the Foraminif- 
era in the sediments indicated a Cretaceous 
age for the sediments and that in general 
they were similar to forms in the Taylor 
marl of Texas (Cushman & Waters, 1927) 
and the Navarro group of Mexico (White, 
1928). This suggestion is believed to be in 
error. 

The author examined many samples of 
Cretaceous and possible Cretaceous sedi- 
ments on file at the University of Minne- 
sota. Seven outcrop samples from the vicin- 
ity of Redwood Falls, were examined, but 
only one was found to contain microfossils. 





ABsTRACT—Microfossils are described and illustrated from the Cretaceous of two 
areas in central and southwestern Minnesota. Six new species of Foraminifera are 
established. The collections from the subsurface of Aitkin and Crow Wing counties 
are chiefly arenaceous Foraminifera that suggest a Cenomanian age for the contain- 
ing strata. Foraminifera, Radiolaria, and an ostracode from Cretaceous outcrops in 
Lyon and Redwood counties suggest a correlation with the Niobrara formation 
(Coniacian-Santonian) of the western interior United States. 


A sample thought to be from the “‘Sodergren 
Quarry” at North Redwood, just acrog 
Redwood River from Redwood Falk 
yielded a microfauna consisting of several 
species of calcareous Foraminifera and a 
single ostracode specimen. A sample from 
Lyon County was found to contain a fey 
Foraminifera and Radiolaria. Two samples 
from Brown County and one from nea 
Austin in southcentral Minnesota were yp. 
fossiliferous. Samples from seven explora. 
tory drill holes in northwestern Aitkin ang 
northeastern Crow Wing counties wer 
examined. The samples from four of thes 
test holes were found to contain a micro. 
fauna consisting of Foraminfera, fish teeth, 
scales, and bone fragments. 
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MINNESOTA CRETACEOUS MICROFOSSILS 


work has made this report possible. Nicola 
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CRETACEOUS STRATIGRAPHY OF MINNE- 
SOTA: GENERAL DISTRIBUTION 


Sediments of Cretaceous age are known or 
‘ferred to form the bedrock of more than 
one-quarter of Minnesota (Text-fig. 1). 
Clastic sediments lie between the glacial 
drift and the Precambrian basement rock 
over most of the western half of southern 
Minnesota. These sediments consist of 
days, silts, sands, and conglomerates. Thin 
beds of impure lignite are interbedded with 
the clays in places, indicating that swampy 
conditions prevailed at times (Thiel, 1944, 
p. 16). These deposits continue to the north 
where they have been penetrated by numer- 
ous water wells in the Red River Valley and 
farther east. There, they consist chiefly 
of clay shale with thin basal sands. At many 
places thin beds of lignite occur near the 
base (Allison, 1932, p. 5). The majority of 
these sediments in western Minnesota have 
been correlated with the Dakota sandstone 
on the basis of fossil plants found in shales at 
Springfield, and in sandstones along the Big 
Cottonwood River south of New Ulm 
(Lesquereux, 1895). In south central Stearns 
County, fossiliferous marine shales of ap- 
parent lower Cenomanian age overlie the 
terrestrial deposits. These shales are referred 
to the Coleraine formation. Foraminifera of 
probable Coniacian-Santonian age are 
figured and described in the present report 
from two outcrop samples in Lyon and Red- 
wood counties. This suggests the presence 
of marine sediments correlative with the 
Niobrara formation in western Minnesota. 

Widely scattered deposits of gravels, 
sands, and clays are found in the south- 
eastern quarter of Minnesota. They have 
been classified as the Ostrander member of 
the Dakota formation (Stauffer and Thiel, 
1933, p. 103). The Ostrander lies beneath 
gacial drift and rests on Devonian and 
older rocks, 
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In northcentral Minnesota Cretaceous 
beds are spread as a mantle on the uneven 
Precambrian surface. These sediments are 
for the most part buried beneath a cover of 
glacial drift which obscures their areal ex- 
tent. On the Mesabi Range, sediments 
referred to the Coleraine formation (Ber- 
quist, 1944, p. 8) are exposed in the walls of 
some of the open pit mines from Virginia 
westward as far as Coleraine. The formation 
consists of a coarse basal conglomerate, 
derived largely from the underlying iron 
formation and other Precambrian rocks, 
which grades upward into ferruginous sand- 
stone and shale. The sediments are probably 
largely of continental origin in the east, but 
grade westward into marine deposits bear- 
ing a dominantly molluscan fauna of Ceno- 
manian age. Gray shale, sandy shale, and 
sand lie beneath 160 to 272 feet of glacial 
drift over a rather large area of unknown 
areal extent just north of the Cuyuna Range 
in Aitkin, Crow Wing, and possibly Cass 
counties. These sediments appear to be of 
nonmarine origin to the north and east, but 
consist for the most part of fossiliferous 
marine deposits. They may be equivalent to 
the Coleraine formation although the evi- 
dence suggesting this correlation is not 
conclusive. Scattered deposits of probable 
Cretaceous age lie beneath the drift in the 
Cuyuna iron ore district in southern Crow 
Wing County, and lignitic and bauxitic 
clays of Cretaceous age are exposed along 
the west bank of the Mississippi River, near 
the mouth of Two Rivers, Morrison County. 
In northern Koochiching County, strata 
bearing typical Cretaceous fossils crop out 
at several places in the banks of the Little 
Fork River. The unconsolidated nature of 
these beds makes it difficult to distinguish 
them from glacial or post-glacial lake sedi- 
ments when fossils are lacking (Thiel, 1947 p. 
151). Microfossils found in these beds 
(Woodward & Thomas, 1895) may be of 
Coniacian-Santonian age. 


Aitkin and Crow Wing Counties 


No Cretaceous rocks are known to crop 
out in Aitkin or Crow Wing county. How- 
ever, exploratory drilling for iron ore has 
revealed the presence of marine and prob- 
able nonmarine Cretaceous sediments be- 
tween the Mesabi and Cuyuna ranges in 
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TEXT-FIG. /—Index map showing known or inferred distribution of Cretaceous rocks in Minnesota. 


northeastern Crow Wing and northwestern Seven test holes drilled north of the 
Aitkin counties, and of scattered deposits of _ Cuyuna iron ore district penetrated Cre- 
probable Cretaceous age on the Cuyuna_ taceous sediments, and core samples from 
Range in southern Crow Wing County. them were studied during this investigation. 
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Text-FI1G. 2—Schematic geologic map of Aitkin and Crow Wing counties, showing location 
of drill holes studied. 


These test holes are located as shown on 
Text-fig. 2. 

The sediments from drill holes 1 and 2 
consist predominantly of poorly sorted 
quartz sand. The bottom twenty-two feet 
(285’-307") in drill hole no. 1 is a very 
sandy clay with abundant tan, warty con- 
cretions, probably composed of mangano- 
siderite. The sand is 132 feet thick in drill 
hole no. 1, but thins to 75 feet in drill hole 
no. 2 (Text-fig. 4). Fifty-five feet of fine 
grained ferruginous sand were encountered 
in test hole no. 28 beneath 200 feet of 
glacial drift. No fossils were found in the 
sands, and although it is not possible to 
establish definitely their Cretaceous age, 
they may be equivalent to the fossiliferous 
deposits found in the test holes to the south 
and west. 

Marine fossiliferous sediments were en- 
countered beneath glacial drift in test holes 
1,7, 19, and 30. These sediments consist of 
gray shale, sandy shale, and sand bearing a 
microfauna consisting of Foraminifera and 


fish teeth, scales, and bone fragments. The 
Foraminifera establish a Cretaceous age for 
the sediments, and suggest that they may 
be Cenomanian. 


Redwood and Lyon Counties 


Cretaceous sediments lie beneath the 
glacial drift throughout most of Redwood 
and Lyon counties (Text-fig. 3). The Cre- 
taceous rests on the Sioux quartzite in the 
southern part of those counties, and on 
granite to the north. The sediments consist 
predominantly of shale with thin layers of 
sandstone. At several places thin beds of 
impure lignite are interbedded with the 
shales. They are thickest in the southern and 
central parts of Lyon County, where up to 
450 feet of Cretaceous is sometimes pene- 
trated in water wells without reaching the 
base of the sediments. In the extreme north- 
eastern corner of Lyon County and the 
northwestern part of Redwood County, 
drift probably rests directly on granite. 
Granite is exposed in the valleys of the Red- 
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TEXxtT-F1G. 3—Schematic geologic map of Redwood and Lyon counties, showing location of 
outcrop samples studied. 


wood and Minnesota rivers in Redwood 
County, and in the northeastern part of 
that county only small irregular patches of 
Cretaceous sediments are resting on the un- 
even granite surface. Cretaceous rocks are 
exposed at places along the Redwood and 
Minnesota rivers, and also along some of the 
smaller streams throughout these two coun- 
ties. Many of these exposures are small and 
may represent material reworked by glacial 
action. Most of these sediments appear to 
be nonmarine as they lack marine fossils 
and contain thin seams of lignite; they have 
been correlated with the Dakota sandstone. 
Microfossils of probable Santonian age, how- 
ever, were found in two outcrop samples 
during this investigation. These outcrops 
may represent material reworked by glacial 
action, but if in place they establish the 
presence of marine Cretaceous sediments in 
the central Minnesota Valley. 


DISCUSSION OF THE FAUNA 


Distinctive microfaunas were found in 
the two areas studied. Foraminifera are the 
dominant element in each, but they consist 
entirely of calcareous forms in the outcrop 
samples from Lyon and Redwood counties 
in contrast to the predominance of arena- 
ceous forms in the subsurface samples from 
Aitkin and Crow Wing counties. In addition 
to Foraminifera, a few Radiolaria and one 
ostracode specimen were recovered from the 
outcrop samples. Fish teeth, scales, and bone 


fragments were the only other microfossils 
found in the subsurface samples. 

The outcrop samples from Lyon and 
Redwood counties yielded a microfauna 
consisting of eleven species of calcareous 
Foraminifera, three species of Radiolaria, 
and one species of Ostracoda. Their distri. 
bution is shown by the following faunal 
lists: 

Species found in the ‘‘Sodergren Quarry” 
sample: 

Foraminifera: 

Gtimbelina globulosa (Ehrenberg) 
Giimbelina moremani Cushman 
Gtimbelina cf. G. striata (Ehrenberg) 
Loxostomum cushmani Wickenden 
Gyroidina sp. 

Globigerina cretacea d’Orbigny 
Planulina kansasensis Morrow 

Ostracoda: 

Cythereis aff. C. quadrialira Swain 


Species found in the sample from sec. 7, 
T113 N, R42W, Lyon County: 


Foraminifera: 
Gimbelina globulosa (Ehrenberg) 
Giimbelina pseudotessera Cushman 
Gimbelina cf. G. striata (Ehrenberg) 
Neobulimina sp. 
Globigerina cretacea d’Orbigny 
Globigerinella aspera Ehrenberg 
Anomalina sp. 


Radiolaria: 
Dictyocephalus cf. D. macrostoma Rust 
Dictyomitra sp. 
Dictyomitra (Dictyomitra) cf. D. (D.) 
multicostata (Zittel) 
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This microfauna is striking because of the 
absence of arenaceous Forami- 
nifera and the predominance of planktonic 
forms. The few benthonic species repre- 
. ted are found only rarely. Only three 
ies of Foraminifera ; Giimbelina globulosa 
‘Phrenberg), Giimbelina cf. G. striata ( Ehren- 
berg), and Globigerina cretacea d’Orbigny; 
are common to both samples. However, 
these species are by far the most abundant 
in each sample. Seven of the eight identified 
species of Foraminifera are common in the 
Niobrara formation of Kansas, Nebraska, 
and South Dakota. Giimbelina striata (Ehren- 
berg), has not been reported from the 
Niobrara, but a similar species, Giimbeli na 
ummerae Loetterle, is widely distributed 
in the formation. Five of the eight identified 
species; Giimbelina globulosa (Ehrenberg), 
Giimbelina moremani Cushman, Loxostomum 
cushmani Wickenden, Globigerina cretacea 
d’Orbigny, and Globigerinella aspera Ehren- 
berg; also range upward into the lower part 
of the overlying Pierre shale. The two identi- 
fed species of Radiolaria have not been 
identified from the Niobrara formation, but 
both were reported by Rust (1892) from the 
lower Pierre shale of Manitoba, Canada. 
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Dictyocephalus macrostoma Rust, has also 
been reported from sediments thought to be 
of upper Senonian age from California. The 
single ostracode species has been reported 
only from the Eutaw formation, Coniacian- 
Santonian, of North Carolina (Swain, 1952). 
The Foraminifera found in the subsur- 
face sediments from Aitkin and Crow Wing 
counties are predominantly arenaceous 
forms. Only two specimens of the calcareous 
species, Globigerina washitensis Carsey, were 
found, and both of these are fillings and 
perhaps partial replacements of the test by 
glauconite. A list of the Foraminifera fol- 
lows (the numbers in parenthesis indicate 
the test holes in which each species occurs): 
Haplophragmoides sp. (19) 
Haplophragmoides rudis, n. sp. (1, 7, 19) 
Haplophragmoides formosum, n. sp. (1, 7, 19) 
Ammobaculites sp. (1) 
Ammobaculites ovatus, n. sp. (1, 7, 19) 
Ammobaculites elongatus, n. sp. (1, 7, 19) 
Ammobaculoides spp. (19) 
Trochammina minnesotensis, n. > (1, 7, 19, 30) 
Trochammina globosa, n. sp. (1, 7, 19) 
Globigerina washitensis Carsey (7, 30) 


It is apparent from the distribution of the 
Foraminifera shown in the preceeding list 
that the fossiliferous sediments penetrated 
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TEXT-FIG, 4-—Generalized cross section of Cretaceous rocks, northwestern Aitkin and northeastern 
Crow Wing counties. Location of drill holes shown in Text-fig. 2. Numbers in parentheses indicate 


depth to top and bottom of Cretaceous. 
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in these test holes represent the same 
horizon. Foraminifera are by far the most 
abundant in test hole 19 but only two very 
rare species are restricted to this hole. Only 
two species were found in test hole 30, 
whereas Foraminifera were fairly common 
in test holes 1 and 7. Trochammina minneso- 
tensis, n. sp., is the most abundant species 
in this microfauna, and is also the only spe- 
cies found in all four test holes. Many of the 
specimens found have been much distorted 
and flattened during compaction of the en- 
closing sediments. This is frequently the 
case with arenaceous species, and adds to 
the difficulty of identifying them. Those 
species which are represented by but few 
distorted specimens have not been assigned 
names. The better specimens are filled with 
tiny pyrite nodules to which they apparently 
owe their state of preservation. 

The most striking characteristic of this 
microfauna is the fact that all of the arena- 
ceous forms apparently represent new species. 
The only previously described associated 
species is the calcareous form Globigerina 
washitensis Carsey, which has been reported 
previously only from the Lower Cretaceous 
Washita group of Texas. However this 
species is represented by only two specimens 
and it may not represent part of the bio- 
coenose. This fauna, as a whole, is closely 
related to those of the Lloydmaster shale 
of Canada (Wall, 1951) and the Pepper 
shale of Texas (Loeblich, 1946), although 
none of the species appears to be the same. 


ECOLOGY 


The Cretaceous microfauna from the test 
holes in Aitkin and Crow Wing counties is 
dominated by species of arenaceous genera 
which are known to adapt themselves to 
variable conditions and are found in many 
marine environments. However this partic- 
ular microfauna is of ecologic significance, 
because, taking into account the lithology 
of the enclosing sediments, it suggests a very 
nearshore, probably cold, brackish water 
environment. Factors indicating these con- 
ditions are: 


1. The presence of many rather coarsely 
arenaceous Foraminifera indicates 
shallow water. 

2. As shown in Text-figure 4, unfossilif- 
erous sands of probable terrestrial 
origin to the north and east grade into 
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marine strata containing Foraminife 
to the south and west, indicat; " 
shore deposition of the fos 
sediments. 

3. There are no exclusively deep wat 
forms in the microfauna, . 

4. The almost total absence of calcareoy 
forms would indicate a cool water . 
lowered pH or both. 

5. The presence of pyrite filling in the 
tests suggests rather toxic conditions 
such as might be expected in a Near. 
shore embayed coast having poor cj. 
culation. 

6. The nearly complete absence of plank. 
tonic forms, which are common i 
many Cretaceous microfaunas, Sug. 
gests brackish water with no open 
connection to the sea. If an open cop. 
nection with the sea were present 
numerous planktonic forms would have 
floated in and be present in the thanato. 
coenose. 


Dg ner. 
Siliferoys 


It is difficult to interpret the ecology of a 
microfaunal assemblage dominated by 
planktonic forms such as that found in the 
shale samples from Lyon and Redwood 
counties. The relative abundance of plank. 
tonic forms and very rare occurrence of 
benthonic forms would indicate adverse 
bottom conditions. The specimens com. 
prising this microfauna, both planktonic 
and benthonic forms, are much smaller than 
the average for the species. 


CONCLUSIONS 


The microfauna from the two fossiliferous 
outcrop samples in Lyon and Redwood 
counties establishes an Upper Cretaceous 


age for these sediments. Of the eight species | 


of Foraminifera identified from these sam- 
ples, seven are very common in the Nio- 
brara of Kansas, Nebraska, and South 
Dakota, and a form very similar to the other 
species is also found in that formation. One 
of these species, Loxostomum cushmani 
Wickenden, is limited to the upper part of 
the Smokey Hill member of the Niobrara 
formation. Five of the species also range up 
into the lower part of the overlying Pierre 
shale of Campanian age. The two identified 
species of Radiolaria were reported by Rust 
(1892) from the lower Pierre shale of Mani- 
toba, Canada, and the single ostrocode 
species has been reported previously only 
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Eutaw formation from North 
The Eutaw was correlated with 
and Niobrara formation by 


from the 
Carolina. 
the Austin chalk 
Stephenson and Reeside (1938, p. 1631, fig. 


2). The microfauna of the lower Pierre shale 
contains a much larger proportion of arena- 
ceous forms than the Niobrara, and arena- 
ceous forms are completely absent in the 
samples studied. The micropaleontological 
evidence shows therefore, that these sedi- 
ments are equivalent to either the Niobrara 
formation or the basal part of the Pierre 
shale, with the preponderance of evidence 
suggesting a correlation with the upper 
Niobrara. 

It is not known whether the outcrops 
sampled represent sediments in situ or ma- 
terial reworked by glacial action. If this 
material has been reworked by glacial ice, 
the presence of these outcrops would indi- 
cate that the Niobrara formation was de- 
posited in this region, and would thereby 
extend the known limits of the Niobrara 
sea eastward into Minnesota. If these out- 
crops are in place, they would in all prob- 
ability represent remnants of the Niobrara 
formation resting on the nonmarine sedi- 
ments correlated with the Dakota sand- 
stone. The possibility that all or part of 
these underlying sediments might also be 
Niobrara is not likely because of their 
terrestrial origin. 

It is not possible to make a definite cor- 
relation of the subsurface sediments in 
Aitkin and Crow Wing counties with those 
of any other region because of the dominance 
of new species in the microfauna. However 
this microfauna, as a whole, is closely re- 
lated to those of the Cenomanian Pepper 
shale of Texas and Lloydmaster shale of 
Canada. This resemblance would suggest, 
although not definitely establish, a Cenoma- 
nian age for the subsurface sediments studied. 
There is no similarity between this Aitkin 
County microfauna and the arenaceous 
species of the lower Pierre shale observed 
by the author in central and southeastern 
South Dakota. Species of Pseudoclavulina, 
Clavulinoides, Pseudogaudryinella, Dorothia, 
and Ammodiscus are found in the lower 
Pierre, and none of these genera is repre- 
sented in the present microfauna. 

The Coleraine formation of the Mesabi 
range is presently also assigned a Cenoma- 
man age (Cobban and Reeside, 1952, chart 
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10b). Both the Coleraine and the Aitkin- 
Crow Wing nonmarine eastern facies grade 
westward into marine deposits. 


Despository of Specimens 


The type specimens will be housed in the 

U. S. National Museum (USNM). 
SYSTEMATIC DESCRIPTIONS 
Order FORAMINIFERA d’Orbigny, 1826 
Family LiruoLiDAE Brady, 1884 
Subfamily HAPLOPHRAGMIINAE Cushman, 
1927 
Genus HAPLOPHRAGMOIDES Cushman, 
1910 


HAPLOPHRAGMOIDES sp. 
Pl. 37, fig. 2a,b 


Test comparatively large, much com- 
pressed, periphery slightly lobulate in later 
part, planispirally coiled, becoming slightly 
evolute, with a large, shallow umbilicus on 
each side; chambers not very distinct, 
increasing regularly and quite rapidly in 
size as added, eight in final convolution; 
sutures distinct on moistened specimen, 
last few slightly depressed, earlier ones flush 
with surface, straight or very slightly arched 
backwards; wall arenaceous, very coarse 
and somewhat roughly finished on last few 
chambers; aperture not clearly observed but 
appears to be an arched opening at base of 
final chamber. 

Dimensions.—Greatest diameter of fig- 
ured specimen .62 mm., least diameter .48 
mm., thickness .17 mm. 

Remarks.—This species is quite similar to 
Haplophragmoides rudis, n. sp., but is larger 
and has a more coarsely arenaceous test. 

Occurrence.—The figured specimen, the 
only known representative of this species, 
was found in test hole no. 19 at a depth of 
252 to 257 feet. 


HAPLOPHRAGMOIDES RUDIS Bolin, n. sp. 
Pl. 37, fig. 3-6 


Test medium sized and compressed. Most 
specimens exhibit a much flattened test; 
periphery subacute, slightly lobulate in later 
portion; shallowly umbilicate, umbilicus of 
one or both sides sometimes filled with a 
matrix of foreign material; planispirally 
coiled, tending to become evolute in later 
stages. Chambers distinct, numerous, eight 
to eight and one-half in final whorl, increas- 




















Seb 


TEXT-FIG. 5—Drawings of Foraminifera and Radiolaria, X75. cial 
1a,b—Ammobaculites sp. Side and peripheral views, Test Hole No. 19 at 210-215 feet, Aitkin Co. 
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ing rather irregularly in size as added; su- 
tures distinct, very slightly depressed, 
straight to slightly arched backwards, wall 
fnely arenaceous and smoothly finished; 
aperture a crescentic opening at base of final 
chamber, extending from equatorial plane 
one-third to one-half of distance to umbili- 
 pimensions.—Greatest diameter of holo- 
type (PI. 37, fig. 3) .50 mm., least diameter 
42 mm., thickness .18 mm. Greatest diam- 
eter of paratype (Fi. 37, fig. 4) .53 mm., 
east diameter .47 mm., thickness .15 min. 
Greatest diameter of paratype (PI. 37, fig. 5) 
43 mm., least diameter .37 mm., thickness 
{7 mm. Greatest diameter of paratype (PI. 
37, fig. 6) 40 mm., least diameter .32 mm., 
thickness .15 mm. 

Remarks.—This species is similar to Hap- 
lophragmoides ST-850-A Wall (1951), and 
Haplophragmoides collyra Nauss, both of 
which occur in the early Upper Cretaceous 
of Canada. However, both of these species 
have more inflated chambers, and a more 
rounded and lobulate periphery. Wall’s spe- 
cies has fewer chambers in the final whorl, 
seven compared to eight or eight and one- 
half, and has a triangular aperture. 

Occurrence.—The figured specimens are 
all from test hole no. 19. The holotype was 
found at a depth of 227 to 232 feet, figure 4 
(Pl. 37) at a depth of 292 to 297 feet, and 
figures 5 and 6 (PI. 37) at a depth of 222 to 
227 feet. This species is by far the most 
abundant representative of the genus. It is 
common to abundant in test hole no. 19, 
fairly common in test hole no. 7, and rare 
in test hole no. 1. It was not found in test 
hole no. 30. 
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HAPLOPHRAGMOIDES FORMOSUM 
Bolin, n. sp. 
Pl. 37, fig. 7-9 

Test small, with rounded periphery, plani- 
spirally coiled, involute, with a small, rela- 
tively deep umbilicus on each side, chambers 
distinct, triangular in shape, increasing reg- 
ularly in size as added, eight in final whorl; 
sutures distinct, radial, straight, very 
slightly depressed; wall finely arenaceous 
and smoothly finished; aperture an arched 
opening at base of final chamber, in median 
line. 

Dimensions.—Greatest diameter of holo- 
type (PI. 37, fig. 9) .23 mm., least diameter 
.20 mm., thickness .12 mm. Greatest diam- 
eter of paratype (Pl. 37, fig. 8) .30 mm., 
least diameter .27 mm., thickness .15 mm. 
Greatest diameter of flattened paratype (PI. 
37, fig. 7) .33 mm., least diameter .27 mm. 

Remarks.—This species differs from Hap- 
lophrogmoides rudis, n. sp., in being smaller 
and completely involute, also in having dis- 
tinctly triangular chambers and the aper- 
ture in the median line. Haplophragmoides 
linki Nauss, from the middle part of the 
Cenomanian Lloydmaster shale of Canada, 
has a larger umbilicus, more depressed su- 
tures, and a more broadly rounded periph- 
ery. 

Occurrence-—The holotype is from test 
hole no. 7 at a depth of 195 to 200 feet. The 
paratype shown in figure 8 (PI. 37) is from 
test hole no. 19 at a depth of 232 to 237 feet, 
and that shown in figure 7 (PI. 37) is from 
test hole no. 1 at a depth of 195 to 200 feet. 
This species is rare to fairly common in 
many samples from test holes 7 and 19, and 
is rare in test hole no. 1. 





2a,b—Ammobaculites elongatus Bolin, n. sp. Side and peripheral views, Test Hole No. 19, 277 to 282 


feet, Aitkin Co. 


Ja-4b>—A mmobaculites ovatus Bolin, n. sp. Test Hole No. 19, Aitkin Co. 3, side and peripheral views, 
222 to 227 feet. 4, side and peripheral views, 277 to 282 feet. 

5a,b; 12a,—A mmobaculoides spp. Test Hole No. 19, Aitkin Co. 5, side and peripheral views, 292 to 
297 feet. 12, side and peripheral views, 357 to 362 feet. 

6a,s—Neobulimina sp. Side and apertural views, Sec. 7, T113N, R42W, Lyon Co. 

/a,b—Trochammina globosa Bolin, n. sp. Dorsal, ventral, and peripheral views, Test Hole No. 7, 


240 to 245 feet, Aitkin Co. 


$a-c—Trochammina minnesotensis Bolin, n. sp. Dorsal, ventral, and peripheral views, Test Hole No. 7, 


240 to 245 feet, Aitkin Co. 


§a-c—Gyroidina sp. Dorsal, ventral, and peripheral views, “Sodergren Quarry,’”’ North Redwood, 


Redwood Co. 


0a,b;14a,b—Planulina kansaensis Morrow. 10, ventral and peripheral views, ‘‘Sodergren Quarry,” 
North Redwood, Redwood Co. /4, dorsal view, Sec. 7, T113N, R42W, Lyon Co. 
!1a,b—Globigerina washitensis Carsey, Dorsal and peripheral views, Test Hole No. 30, 235 to 240 feet, 


Crow Wing Co. 


\3a,b—Anomalina sp. Ventral and peripheral views, Sec. 7, T113N, R42W, Lyon Co. 
—Dictyocephalus cf. D. macrostoma Rust. Sec. 7, T113N, R42W, Lyon Co. 
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Genus AMMOBACULITES Cushman, 1910 
AMMOBACULITES sp. 
Pl. 37, fig. 1a,b; Text-fig. 5—1a,b 


Test large, somewhat compressed and 
elongate, planispirally coiled, tending to un- 
coil in later portion, periphery rounded, 
slightly lobulate; chambers rather indis- 
tinct, somewhat inflated, last few greatly 
elongated, seven or eight in final whorl; su- 
tures rather indistinct, slightly depressed, 
early ones radial and straight, last few 
arched backwards; wall coarsely arenaceous, 
with distinct angular fragments; aperture a 
rather large opening near apex of final 
chamber. 

Dimensions.—Greatest diameter of fig- 
ured specimen .77 mm., least diameter .53 
mm., thickness .38 mm. 

Remarks.—The nature of the coiling in 
this specimen closely resembles that found 
in Haplophragmoides, but the position of the 
aperture reveals that it is an Ammobaculites. 
Because only one specimen with a broken 
final chamber was found, a specific name is 
not assigned. 

Occurrence.—This specimen is from test 
hole no. 1 at a depth of 210 to 215 feet. 


AMMOBACULITES OVATUS Bolin, n. sp. 
Pl. 37, fig. 10,11; Text-fig. 5—3a—4b 


Test medium sized, elongate ovate in side 
view, only slightly compressed, planispi- 
rally coiled and involute, but showing a 
marked tendency toward uncoiling in later 
portion, periphery rounded; chambers dis- 
tinct only when specimen is moistened, 
about four and one-half in final whorl, in- 
creasing quite rapidly in size as added, final 
one much elongated; sutures rather indis- 
tinct, very slight depressed, curved; wall 
rather coarsely arenaceous but quite 
smoothly finished; aperture a large oval 
opening at outer periphery of final chamber. 

Dimensions.—Greatest diameter of holo- 
type (PI. 37, fig. 11) .48 mm., least diameter 
.38 mm., thickness .32 mm. Greatest diam- 
eter of paratype (PI. 37, fig. 10) .47 mm., 
least diameter .35 mm., thickness .27 mm. 

Remarks.—Nothing similar to this species 
was found in the literature, but it tends to 
grade into Ammobaculites elongatus, n. sp., 
through the development of an uncoiled por- 
tion and a terminal aperture. 

Occurrence.—The holotype and paratype 
are both from test hole no. 19. The holotype 
at a depth of 222 to 227 feet and the para- 
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type at a depth of 277 to 282 feet. Ty, 


° A ° 0 Spec. 
imens of this species were found in test i. 


no. 1, and it occurs rarely in test holes 7 and 
19. 


AMMOBACULITES ELONGATUs Bolin, n, 
Pl. 38, fig. 1,2; Text-fig. 5—2a,b 


Test quite large, somewhat compressed 
ovate in end view, early portion involutely 
coiled, later portion uniserial; chambers of 
coiled portion rather indistinct, about foy: 
in outer whorl, uniserial chambers distinct 
slightly inflated, three or four in number, in. 
creasing rapidly in size with final one fat. 
tened and appearing much larger than nor. 
mal; sutures of coiled portion rather indis. 
tinct, radial, in uniserial portion distinct 
slightly depressed, oblique and somewhat 
curved; wall arenaceous, composed of poorly 
sorted angular particles, amount of cement 
relatively small and = surface somewhat 
roughly finished; aperture terminal, ovate. 

Dimensions.—Length of holotype (PI. 38, 
fig. 2) .77 mm., breadth of coiled portion .30 
mm., thickness .25 mm. Length of paratype 
(Pl. 38, fig. 1) .77 mm., breadth of coiled 
portion .33 mm., thickness .25 mm. 

Remarks.—This species differs from Am. 
mobaculites obscurus Loeblich, from the 
Cenomanian Pepper shale of Texas, in being 
larger, and in having more oblique and 
slightly curved sutures in the uniserial por- 
tion. It appears similar to Flabellammina 
ST-937-A Wall (1951, p. 61), from the 
Lloydmaster shale of Canada, but it does 
not have as oblique or as arcuate sutures as 
that species, and is probably not as com- 
pressed. 

Occurrence.—Both figured specimens are 
from test hole no. 19, the holotype ata 
depth of 342 to 347 feet and the paratype at 
a depth of 277 to 282 feet. This species is 
fairly common to common in many of the 
samples from test hole no. 19, rare in some 
samples from test hole no. 7, and was found 
to be rare in two samples from test hole 
no. 1. 


Family TEXTULARIIDAE Brady, 1884 
Subfamily SPIROPLECTAMMININAE 
Cushman, 1927 
Genus AMMOBACULOIDES Plummer, 1932 
AMMOBACULOIDES spp. 

Pl. 38, fig. 3-5; Text-fig. 5—5a,b; 12a,b 

Several specimens of A mmobaculoides are 
grouped here although they show consider- 
able variation. 
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Test small to medium sized, flattened, 
dongate, early portions involutely coiled, 
then biserial, and becoming uniserial in final 
stages; chambers rather indistinct, increas- 
ing in size as added quite rapidly so in some 
specimens, two to six or more chambers in 
piserial stage, only one showing uniserial 
arrangement; sutures indistinct in most spec- 
‘mens, somewhat depressed in later part; 
test composed of poorly sorted angular frag- 
ments, with little cement and quite roughly 
fnished; aperture a slit-like terminal open- 
ing, indistinct. ; 

Dimensions.—Length of incomplete spec- 
imen (PI. 38, fig. 3) .55 mm., breadth .30 
mm., thickness .18 mm. Length of hypotype 
(Pl. 38, fig. 4) 66 mm., breadth .35 mm. 
Length of hypotype (PI. 38, fig. 5) .41 mm., 
breadth .8 mm., thickness .12 mm. 

Remarks—The specimen illustrated in 
figure 5 (Pl. 38) is somewhat similar to A m- 
mobaculoides phalus Loeblich and Tappan, 
from the Lower Cretaceous Kiowa shale of 
Kansas. However, it is larger and coarser 
grained than that species, and is broader in 
relation to length. No previously described 
species were found to be similar to the other 
two figured specimens. 

Occurrence.—Figures 3 and 4 (PI. 38) are 
from a depth of 292 to 297 feet in test hole 
no. 19, and figure 5 (Pl. 38) is from a depth 
of 257 to 362 feet. 


Family TROCHAMMINIDAE Cushman, 1927 
Subfamily TROCHAMMININAE 
Brady, 1884 
Genus TROCHAMMINA Parker and 
Jones, 1859 
TROCHAMMINA MINNESOTENSIS 
Bolin, n. sp. 
Pl. 38, fig. 7a—c; Text-fig. 5—8a-—c 


Test medium sized, much flattened, 
slightly biconvex or with one side flat, periph- 
ery sharp, slightly lobulate, trochospi- 
rally coiled, about two and one-half whorls 
visible on dorsal side, with a small ventral 
umbilicus; chambers quite indistinct, in- 
creasing gradually in size throughout, five in 
ultimate whorl, chambers usually collapsed 
centrally resulting in raised margins, partic- 
ularly on ventral side; sutures rather indis- 
tinct, somewhat depressed, arched back- 
wards on dorsal side, nearly straight on 
ventral; wall finely arenaceous, surface 
smooth, shell wall very delicate; aperture 
not clearly observed. 
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Dimensions.—Greatest diameter of holo- 
type .30 mm., least diameter .29 mm., thick- 
ness .10 mm. 

Remarks.—This species is very similar to 
Trochammina wickendeni Loeblich, from the 
type locality of the Pepper shale in Texas. 
It is not as smoothly finished as that species, 
and does not have as distinct or as depressed 
sutures. 

Occurrence-—The holotype is from test 
hole no. 7 at a depth of 240 to 245 feet. This 
is the most common and widespread species 
in the test hole samples, being found in all of 
the samples from test holes 1, 7, and 19, and 
in most of the samples from test hole no. 30. 
However, many of the specimens placed here 
are so flattened and distorted that their 
identification is in doubt. 


TROCHAMMINA GLOBOSA Bolin, n. sp. 
Pl. 38, fig. 8a—9b; Text-fig. 5—7a,b 

Test small, trochoid, with a slightly con- 
vex to flat spire of two to two and one-half 
whorls on dorsal side, and a fairly large, 
shallow, ventral umbilicus; periphery 
broadly rounded, slightly lobulate through- 
out; chambers indistinct in early portion, 
distinct in final whorl, five in number, in- 
creasing regularly in size as added; sutures 
distinct, slightly depressed, gently curved on 
dorsal side, radial and straight on ventral; 
wall arenaceous, smoothly finished; aperture 
not definitely observed, apparently an 
arched opening which extends into umbili- 
cus from final chamber. 

Dimensions.—Greatest diameter of holo- 
type (Pl. 38, fig. 9) .33 mm., least diameter 
.28 mm., thickness .20 mm. Greatest diam- 
eter of paratype (Pl. 38, fig. 8) .33 mm., 
least diameter .28 mm., thickness .20 mm. 

Remarks.—This species is more inflated, 
and has more globular chambers than any 
previously described species of the genus. 

Occurrence.—The holotype and paratype 
are both from test hole no. 19, at depths of 
252 to 257 feet, and 317 to 322 feet respec- 
tively. This distinctive species is rare in 
some of the samples from test holes 1, 7, and 
19. 


Family HETEROHELICIDAE Cushman, 1927 
Subfamily GUMBELININAE 
Cushman, 1927 
Genus GUMBELINA Egger, 1899 
GUMBELINA GLOBULOSA (Ehrenberg) 

Pl. 38, fig. 10-11b, 14a—b, 16 
Textularia globulosa EHRENBERG, 1838, Abhandl. 
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= ~~. Akad., Wiss. Berlin, p. 135, pl. 4, 


Gasbelina globulosa EGGER, 1899, Abhandl. kon. 
bay., Akad., Wiss. Munchen, kl. 2, vol. 21, pt. 

1, p. 32, pl. 14, fig. 43. CusHMAN, 1946, 

U.S.G.S. Prof. Pap. 206, p. 105, pl. 45, fig. 9- 

15; ——, 1948, Foraminifera, Ed. 4, key pl. 

26, fig. 6a,b; , 1948, Maryland Dept. Geoi., 

Mines and Water Res. Bull. 2, p. 258, pl. 24, 

fig. 9; , 1949, U.S.G.S. Prof. Pap. 221-A, 

p. 7, pl. 3, fig. 23. Youns, 1951, Jour. Paleon- 

tology, vol. 25, p. 63, pl. 14, fig. 12,23-26. 

Test elongate, V-shaped, tapering uni- 
formly to pointed initial end, periphery 
lobulate throughout, more strongly so in 
later portion, earliest stage coiled, then bi- 
serial; chambers distinct, globular and in- 
flated, increasing in size throughout, more 
rapidly so toward apertural end; sutures dis- 
tinct, depressed, slightly oblique; wall 
smooth, finely perforate; aperture a broad 
arched opening at base of final chamber, 
with a thickened, smooth lip. 

Dimensions.—Length of hypotype (PI. 38, 
fig. 10) .39 mm., width .25 mm., thickness 
.15 mm. Length of hypotype (PI. 38, fig. 11) 
.29 mm., width .23 mm., thickness .14 mm. 
Length of hypotype (PI. 38, fig. 14) .19 mm., 
width .15 mm., thickness .09 mm. Length 
of hypotype (PI. 38, fig. 16) .40 mm., width 
.31 mm., thickness .18 mm. 

Remarks.—It is di.ficult to distinguish 
this species from Giimbelina reusst Cush- 
man, and characteristics of the two appar- 
ently grade into each other. G. reusst is de- 
scribed as having the periphery of the early 
part complete, and the later chambers 
clearly set off from one another with a tri- 
angular indented area between. The speci- 
mens figured and described as Textularia 
globulosa by Woodward & Thomas from 
clays and chalky limestones in Meeker 
County, Minnesota, apparently belong to 
this species. 

Occurrence.—The specimens shown in fig- 
ures 10 and 16 (PI. 38) are from the Red- 
wood County sample, and those shown in 
figures 11 and 14 (PI. 38) are from the Lyon 
County sample. This species is widely dis- 
tributed in the Upper Cretaceous of Amer- 
ica and Europe. Morrow found it to occur 
throughout the Colorado group in Kansas, 
and Loetterle reported it from the Niobrara 
(Coniacian and Santonian) and lower Pierre 
(lower Campanian) in Kansas, Nebraska, 
and South Dakota. It is fairly common in the 
samples from Lyon and Redwood counties. 








GUMBELINA MOREMANI Cushman 
Pl. 38, fig. 15a,b 
Giimbelina moremant CUSHMAN, 1938 Cushma 
’ 0 


Lab. Foram. Research 
pl. 2, fig. 1-3; —, Toe Ue te, 
Pap. 206, p. 103, pl. 44, fig. 15-17,” Pil 
Test very elongate, gradually taperi 
throughout or attaining maximum nade 
at penultimate pair of chambers, periphery 
lobulate throughout; chambers distin 
numerous, subglobular, increasing slowly ‘. 
size as added; sutures distinct, depressed 
nearly perpendicular to axis; wall smooth, 
finely perforate; aperture a high arched 
opening at base of final chamber, with 
smooth lip which may project asa flange at 
the sides onto the preceding chamber, The 
figured speciman appears to have an incom. 
pletely developed final chamber. 
Dimensions.—Length of hypotype 44 
mm., width .21 mm., thickness .12 mm. 
Remarks.—This species is more elongate 
than Giimbelina globulosa Ehrenberg, and has 
more chambers and a more gradually taper. 
ing test than that species. 
Occurrence.—The figured specimen is from 
the ‘‘Sodergren Quarry” at North Redwood. 
This species occurs chiefly in the Eagle Ford 
shale (Turonian) of the Gulf Coast region, 
but has been reported also from the Austin 
chalk (Coniacian and Santonian). Morrow 
reported it from the Colorado group in Kan- 
‘sas, and it occurs in the Niobrara of South 
Dakota. It was found to be rare in the san- 
ples from Lyon and Redwood counties. 





GUMBELINA PSEUDOTESSERA Cushman 
Pl. 38, fig. 13 

Giimbelina tesera CUSHMAN, 1932 [not G. tessera 
Cushman, 1936, nor Grammostomum tessera 
(Ehrenberg)], Jour. Paleontology, vol. 6, p. 
338, pl. 51, fig. 4,5. 

Giimbelina pseudotessera CUSHMAN, 1938, Cush- 
man Lab. Foram. Research Contr., vol. 14, p. 
14, pl. 2, fig. 19-21; ——, 1946, USGS. 
Prof. Pap. 206, p. 106, pl. 45, fig. 15-20. 


Test small, compressed, about one and 
one-half times as long as broad, with great- 
est breadth at final pair of chambers, taper- 
ing rather rapidly to bluntly pointed initial 
end, periphery lobulate throughout, more 
strongly so in later portion; chambers dis 
tinct, slightly inflated, broader than high, 
final pair much broader and slightly curved; 
sutures depressed, final ones slightly curved; 
wall smooth, finely perforate; aperture 2 
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opening at base of final cham- 


igh arched of 
~ narrow lip and distinct flanges 


ber, with a 
neach side. 
. Dimensions.—Length of hypotype .23 


mm., breadth .15 mm., thickness .07 mm. 
Remarks.—This species differs from Giim- 
helina globulosa (Ehrenberg), in the com- 
pressed test, shape of the later chambers, 
and curved sutures in the later portion. 
Occurrence.—The species ranges through- 
out the Austin chalk (Coniacian and San- 
tonian) and Taylor formation (lower Cam- 
panian). A few specimens were found in the 


sample from Lyon County. 


GimBELINA cf. G. sTRIATA (Ehrenberg) 
Pl. 38, fig. 12a,b; 17a,b 
Textularia striata Ehrenberg, 1838, Abhandl. K. 
preuss., Akad., Wiss. Berlin, p. 135, pl. 4, fig. 


la,2a,3a. 
Gimbelina striata EGGER, 1899, Abhandl. Kon. 


bay., Akad., Wiss. Munchen, kl. 2, vol. 21, p. 
33, pl. 4, fig. 37-39 (not 5-7,10,11). CUSHMAN, 
1946, U.S.G.S., Prof. Pap. 206, p. 104, pl. 45, 
fig. 4,5; ——, 1948, Maryland Dept. Geol., 
Mines and Water Res. Bull. 2, p. 258, pl. 24, 
fig. 3; ——, 1949, U.S.G.S., Prof. Pap. 221-A, 


p. 7, pl. 3, fig. 24. 

Test relatively small, tapering, more 
strongly so in early portion, periphery lobu- 
late throughout; chambers distinct, inflated, 
globular, especially in later part; sutures dis- 
tinct, depressed, slightly oblique; wall orna- 
mented with fine longitudinal costae which 
become weaker on final chambers of most 
specimens, some with last chambers smooth 
or ornameMted by fine perforations in longi- 
tudinal rows; aperture a large, low opening 
at base of final chamber, with a smooth, 
thickened rim. 

Dimensions.—Length of hypotype (PI. 38, 
fig. 12) .34 mm., width .25 mm., thickness 
7mm. Length of hypotype (PI. 38, fig. 17) 
23 mm., width .17 mm., thickness .11 mm. 

Remarks.—This species differs from Giim- 
belina globulosa (Ehrenberg), in the presence 
of the longitudinal costae, and in having a 
less rapidly tapering test. G. castulata 
Cushman, has much stronger costae, is 
smaller, has a compressed test, and lower 
and broader chambers. G. plummerae 
Loetterle, is larger, much thicker in relation 
to length and breadth, has more inflated 
chambers, and usually has more strongly 
developed longitudinal costae. 

The specimens referred to here are not as 
elongate as those placed in the species by 
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Cushman; however, they agree well in other 
characteristics with the species, and are 
much more closely allied to it than to any 
other described form. 

Occurrence.—The specimen illustrated in 
figure 12 (Pl. 38) is from Redwood County, 
while that in figure 17 (Pl. 38) is from Lyon 
County. Giimbelina striata (Ehrenberg), is 
found throughout the Austin chalk and Tay- 
lor formation, and it extends up into the 
Navarro group (upper Campanian and 
lower Maestrichtian age) in the Gulf Coast 
region. The specimens included here are 
common in the material from Redwood 
County and rare in that from Lyon County. 


Family BULIMINIDAE Cushman, 1927 
Subfamily BULIMININAE Cushman, 1927 
Genus NEOBULIMINA Cushman and 
Wickenden, 1928 
NEOBULIMINA sp. 

Pl. 38, fig. 6a,b; Text-fig. 5—6a,b 

Test small, elongate, two to two and one- 
half times as long as broad, somewhat fusi- 
form, largest portion of test triserial, con- 
sisting of up to 10 chambers, becoming bi- 
serial in adult; chambers distinct, somewhat 
inflated, sub-globular; sutures distinct and 
depressed; wall coarsely perforate, nearly 
reticulate in some specimens; aperture at 
base of last formed chamber, in early tri- 
serial stage a high arched opening, nearly 
circular in adult biserial stage. 

Dimensions.—Length of hypotype .22 
mm., breadth .11 mm. 

Remarks.—The specimens described here 
are quite similar to some referred to Neo- 
bulimina canadensis Cushman & Wickenden, 
by Cushman (1946, p. 125, pl. 52, fig. 11). 
However, in none of the few specimens ob- 
served here is the adult biserial stage as well 
developed as in typical specimens of N. 
canadensis. In addition, that species has a 
“ccomma-shaped”’ aperture in contrast to the 
broader and nearly circular aperture ex- 
hibited by these specimens. 

Occurrence.—A few specimens of this spe- 
cies were found in the Lyon County sample. 


Subfamily VIRGULININAE Cushman, 1927 
Genus LoxostomuM Ehrenberg, 1854 
LOXOSTOMUM CUSHMANI Wickenden 
Pl. 38, fig. 18a,b 


Loxostomum cushmani WICKENDEN, 1932, Royal 
Soc. Canada. Trans., 3d ser., vol. 26, sec. 4, 
p. 91, pl. 1, fig. 6a,b. 
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Loxostoma clavatum CUSHMAN, 1932 (not Cush- 
man, 1927), Jour. Paleontology, vol. 6, p. 340, 
pl. 51, fig. 8a,b. 

Loxostoma cushmani CUSHMAN & DEADERICK, 
1942, Cushman Lab. Foram. Research Contr., 
vol. 18, p. 63, pl. 15, fig. 11-13. CUSHMAN, 
1946, U.S.G.S., Prof. Pap. 206, p. 129, pl. 53, 
fig. 24-31. 


Test elongate, three to four times as long 
as broad, very gently tapering to blunt 
initial end, subcircular in end view, early 
portion biserial, becoming irregularly uni- 
serial in adult; chambers rather indistinct 
in early portion, later distinct, inflated, and 
somewhat overlapping; sutures indistinct in 
early part, becoming distinct and much de- 
pressed, with pronounced reentrants and 
lobular projections; wall smooth and finely 
perforate in adult, with fine longitudinal 
costae in early portion; aperture terminal, 
oval. 

Dimensions.—Length of 
mm., breadth .17 mm. 

Remarks.—This species is closely related 
to Loxostomum clavatum (Cushman), which 
in its typical form is more tapered, is biserial 
throughout, and shows stronger develop- 
ment of the sutural crenulations. 

Occurrence.—This is a very common spe- 
cies in the Upper Cretaceous of America, 
occurring in the upper Austin chalk (San- 
tonian) and Taylor formation (lower Cam- 
panian). It is common in the upper part of 
the Smokey Hill member of the Niobrara 
formation in Kansas, Nebraska, and South 
Dakota. It is rare in the sample from Red- 
wood County, and the figured specimen is 
the only complete one found. 


hypotype .50 





EDWARD J. BOLIN 


Family ROTALIIDAE Brady, 1884 
Subfamily DiscoRBISINAE Cushman 1927 
Genus Gyrorpina d’Orbigny, 1896 
GYROIDINA sp. 
Pl. 39, fig. la—c; Text-fig. 5—9a- 
Test small, trochoid, biconvex, More 
strongly so on ventral side, per; 
sharply rounded; chambers indistinct, eight 
to ten in final whorl, increasing regularly in 
size as added, final one somewhat produced 
ventrally; sutures indistinct, faintly Visible 
when specimen is moistened, slightly lim. 
bate, little if at all depressed, slightly 
curved; aperture not observed. 
Dimensions.—Diameter of figured speci- 
men .29 mm., thickness .15 mm. 
Remarks.—This specimen is similar tp 
Gyrotdina lenticulina (Reuss), in size and 
shape, but that species has only five to gy 
chambers in the final whorl. Gyroidina mifigg 
(Reuss) is more globular, has a b 
rounded periphery, and fewer chambers ip 
the final whorl. Gyroidina depressa (Alth) is 
not nearly so convex ventrally, has a more 
rounded periphery, and generally has mor 
chambers in the final whorl. 
Occurrence.—The illustrated specimen js 
from the ‘‘Sodergren Quarry,” and is the 
only one representing this species. 


Family GLOBIGERINIDAE Brady, 1884 
Subfamily GLOBIGERININAE 
Cushman, 1927 
Genus GLOBIGERINA d’Orbigny, 1826 
GLOBIGERINA CRETACEA d’Orbigny 
Pl. 39, fig. 4a-8b; 13a,b;47 
Globigerina cretacea D'ORBIGNY, 1840, Mem. So. 
Geol. France, ser. 1, vol. 4, p. 34, pl. 3, fig. 12-4 


EXPLANATION OF PLATE 37 
All figures X75 
Fic. 1—Ammobaculites sp. 1a, side view, 1b, peripheral view, Test Hole No. 19, 210 to 215 feet, Aitkin 


Co. 
2—Haplophragmoides sp. 2a, side view, 2b, peripheral view, Test Hole No. 19, 252 to 257 feet, 


Aitkin Co. 


3-6—Haplophragmoides rudis Bolin, n. sp. Test Hole No. 19, Aitkin Co. 3a, side view, 3b, periph- 
eral view, 227 to 232 feet. 4a, side view, 4b, peripheral view, 292 to 297 feet. 5a, side view, 
5b, peripheral view, 222 to 227 feet. 6, side view, 222 to 227 feet. 

7-9—Haplophragmoides formosum Bolin, n. sp. 7, side view, Test Hole No. 1, 195 to 200 feet, 
Aitkin Co. 8a, side view, 8b, peripheral view, Test Hole No. 19, 232 to 237 feet, Aitkin Co. 
9a, side view, 9b, peripheral view, Test Hole No. 7, 195 to 200 feet, Aitkin Co. | 

10,11—Ammobaculites ovatus Bolin, n. sp. Test Hole No. 19, Aitkin Co. 10a, side view, 10b, pe- 
ripheral view, 277 to 282 feet. 11a, side view, 11b, peripheral view, 222 to 227 feet. 
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ur. Paleontology, vol. 8, p. 

Momsow, fe. 18 i0a b panen Mig 1937, 

Nebraska Geol. Survey Bull., 2d ser., Bull. 12, 

44, pl. 7, fig. 1,2. CUSHMAN, 1946, Cushman 
% ‘cram. Research Contr., vol. 22, p. 17, 

pl. 3, fig. 5,6. 

Test trochoid, with a slightly convex to 
flat spire of two and one-half to three whorls 
on dorsal side, and a large, deep, ventral 
umbilicus, periphery broadly rounded, 
strongly lobulate throughout; chambers 
distinct, nearly spherical but usually some- 
what compressed, distinctly separated, in- 
creasing quite rapidly in size as added, usu- 
ally six but sometimes five in final whorl; 
sutures distinct and strongly depressed 
throughout; surface covered with small 
spines which are more strongly developed 
on early chambers; aperture is large and 
arched, opening into umbilicus from final 
chamber, with a smooth, thickened lip. 

Dimensions.—Greatest diameter of hypo- 
type (Pl. 39, fig. 4) .42 mm., least diameter 
38 mm., thickness .23 mm. Greatest dia- 
meter of hypotype (PI. 39, fig. 5) .33 mm., 
least diameter .27 mm., thickness .19 mm. 
Greatest diameter of hypotype (PI. 39, fig. 
6) .34 mm., least diameter .30 mm., thick- 
ness .18 mm. Greatest diameter of hypotype 
(Pl. 39, fig. 7) .22 mm., least diameter .18 
mm., thickness .12 mm. Greatest diameter 
of hypotype (PI. 39, fig. 8) .40 mm., least 
diameter .35 mm., thickness .23 mm. Great- 
est diameter of hypotype (PI. 39, fig. 13) .38 
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mm., least diameter .28 mm., thickness .20 
mm. Greatest diameter of hypotype (PI. 3, 
fig. 17) .33 mm., least diameter .28 mm., 
thickness .12 mm. 

Remarks.—No other described species of 
this genus has such a large ventral umbilicus 
nor chambers as compressed as in most spec- 
imens of this species. 

Occurrence.—This is a very common and 
widespread species in the Upper Cretaceous. 
It is fairly common in the sample from Lyon 
County, and abundant in that from Red- 
wood County. Figures 4, 6, 8, and 17 (PI. 3) 
are from the Redwood County sample, and 
figures 5, 7, and 13 (PI. 3) from the Lyon 
County sample. 


GLOBIGERINA WASHITENSIS Carsey 
Pl. 39, fig. 2a—3c; Text-fig. 5—11a,b 
Globigerina washitensis CARSEY, 1926, Texas 
Univ., Bull., 2612, p. 44, pl. 7, fig. 10, pl. 8, 
fig. 2. PLUMMER, 1931, idem., Bull. 3101, p. 
193, pl. 13, fig. 12a,b. 


Test compact, trochoid, with a very low 
to flat spire of two and one-half to three 
whorls on dorsal side, anda small, deep ven- 
tral umbilicus, periphery somewhat com- 
pressed, slightly lobulate; chambers dis- 
tinct, globular but somewhat appressed, 
four in final whorl; sutures indistinct in early 
part, becoming distinct and slightly de- 
pressed in final whorl; surface with very 
coarse, polygonal perforations forming a 


EXPLANATION OF PLATE 38 
All figures X75 


Fic. 1,2—Ammobaculites elongatus Bolin, n. sp. Test Hole No. 19, Aitkin Co. Ja, side view, 1b, pe- 
ripheral view, 277 to 282 feet. 2a, side view, 2b, apertural view, 342 to 347 feet. 
3$-5—Ammobaculoides spp. Test Hole No. 19, Aitkin Co. 3,4, side views, 292 to 297 feet. 5a, side 


view, 56, peripheral view, 357 to 362 feet. 


6—Neobulimina sp. 6a, side view, 6b, peripheral view, Sec. 7, T113N, R42W. Lyon Co. 

7—Trochammina minnesotensis Bolin, n. sp. 7a, dorsal view, 7b, ventral view, 7c, peripheral view, 
Test Hole No. 7, 240 to 245 feet, Aitkin Co. 

8,9—Trochammina globosa Bolin, n. sp. Test Hole No. 19, Aitkin Co. 8a, dorsal view, 8b, ventral 
view, 317 to 322 feet. 9a, dorsal view, 9b, peripheral view, 252 to 257 feet. 

10,11,14,16—Giimbelina globulosa (Ehrenberg). 10,/6, front views, ‘‘Sodergren Quarry,”” North 
Redwood, Redwood Co. 11,14, Sec. 7, T113N, R42W, Lyon Co. 11a,11b, front and apertural 


views, 14a,14b, front and side views. 


12,17—Giimbelina cf. G. striata (Ehrenberg). /2a,12b, front and apertural views, ‘‘Sodergren 
Quarry,” North Redwood, Redwood Co. 17a,17b, front and side views, Sec. 7, T113N, 


R42W, Lyon Co. 


13—Giimbelina pseudotessera Cushman. Side view, Sec. 7, T113N, R42W, Lyon Co. 
15—Giimbelina moremani Cushman. 15a,15b, front and side views, ‘‘Sodergren Quarry,”’ North 


Redwood, Redwood Co. 


18—Loxostomum cushmani Wickenden. 18a,18b, front and side views, ‘‘Sodergren 


North Redwood, Redwood Co. 


Quarry,” 
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honeycomblike pattern over entire test; 
aperture a high arched opening from final 
chamber into umbilicus. 

Dimensions.—Greatest diameter of hypo- 
type (Pl. 39, fig. 2) .27 mm., least diameter 
of .27 mm., and thickness of .20 mm. Great- 
est diameter of hypotype (PI. 39, fig. 3) .30 
mm., least diameter .24 mm., and thickness 
.20 mm. 

Remarks.—The characteristic surface or- 
namentation distinguishes this species from 
all others of the genus. 

Occurrence-—Only the two _ illustrated 
specimens were found in this material. The 
specimen shown in figure 2 (Pl. 39) is from 
test hole no. 7 at a depth of 230 to 235 feet, 
and that shown in figure 3 (PI. 39) is from 
test hole no. 30 at a depth of 235 to 240 feet. 
The species has been recorded previously 
only in the Texas Lower Cretaceous 
(Washita and Fredicksburg). Its very rare 
occurrence here serves to extend its geo- 
graphic and geologic range. 


Genus GLOBIGERINELLA Cushman, 1927 
GLOBIGERINELLA ASPERA (Ehrenberg) 
Pl. 39, fig. 9a—11 
Planerostomum asperum EHRENBERG, 1854, Mi- 
crogeologie, pl. 30, fig. 26a,b, pl. 32, pt. 2, fig. 

42 


Globigerinella aspera CUSHMAN, 1931, Tennessee 
Div. Geol., Bull. 41, p. 59, pl. 11, fig. 5a,b. 
LOETTERLE, 1937, Nebraska Geol. Survey 
Bull., 2d ser., Bull. 12, p. 45, pl. 7, fig. 4a,b. 
Nauss, 1947, Jour. Paleontology, vol. 21, p. 
337, pl. 48, fig. 9a,b. 


Test small, planispirally coiled, some- 
what evolute with parts of earlier coils 
visible on moistened specimens, nearly bi- 
laterally symmetrical, subcircular in out- 
line, periphery broadly rounded, strongly 
lobulate throughout; chambers distinct, 
strongly inflated, increasing uniformly in 
size as added, six or seven in final whorl; 
sutures distinct, strongly depressed through- 
out; wall finely perforate, spinose, more 
strongly so in early portion; aperture a high 
arched opening at base of final chamber, 
with a well developed lip. 

Dimensions.—Greatest diameter of hypo- 
type (PI. 39, fig. 9) .23 mm., least diameter 
.20 mm., thickness .11 mm. Greatest diam- 
eter of hypotype (PI. 39, fig. 10) .23 mm., 
least diameter .15 mm., thickness .09 mm. 
Greatest diameter of hypotype (PI. 39, fig. 
11) .18 mm., least diameter .15 mm., thick- 
ness .09 mm. 
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All figured specimens are from the be 
County samples. yon 
Remarks.—This species differs from Gl 
bigerinella voluta (White), in being ove 
involute and in having the entire test pen 
tightly coiled. In none of the specimens ob. 
served here was there any tendency toward 
a lengthening of the final chamber or cham. 
bers as is so common in many suites of the 

species. 

Occurrence.—This is one of the more com. 
mon species in the Upper Cretaceous of 
America, and was reported from the Nio. 
brara formation of Kansas, Nebraska, and 
South Dakota by Loetterle. It is fairly com. 
mon in the Lyon County sample and rare in 
the sample from the ‘‘Sodergren Quarry.” 


Family ANOMALINIDAE Cushman, 1927 
Subfamily ANOMALININAE 
Cushman, 1927 
Genus ANOMALINA d’Orbigny, 1826 
ANOMALINA sp. 
Pl. 39, fig. 12a,b; Text-fig. 5—13a,h 

Test rather small, planispirally coiled, at 
least in adult, nearly completely involute, 
almost bilaterally symmetrical, with a small, 
shallow umbilicus on each side, periphery 
rounded; chambers indistinct, triangular in 
shape, nine in final whorl; sutures indistinct, 
flush with surface, straight to very slightly 
curved; wall punctate; aperture an arched 
opening at base of final chamber, in the 
median line. 

Dimensions.—Greatest diameter of hypo- 
type .31 mm., least diameter .26 mm., thick- 
ness .16 mm. 

Remarks.—This appears to be a new spe- 
cies, but was not given a specific designation. 
The broken figured specimen was the only 
one available for study. 

Occurrence.—This specimen was found in 
the Lyon County sample. 


Genus PLANULINA d’Orbigny, 1826 
PLANULINA KANSASENSIS Morrow 
Pl. 39, fig. 14-16; Text-fig. 
5—10a,b; 14a,b 
Planulina kansasensis Morrow, 1934, Jour. 

Paleontology, vol. 8, p. 201, pl. 3, fig. 2,15. 

LOETTERLE, 1937, Nebraska Geol. Survey 

Bull., 2d ser., Bull. 12, p. 49, pl. 8, fig. 2a. 

CusHMAN, 1946, U.S.G.S., Prof. Pap. 206, p. 

157, pl. 64, fig. 12a-c. 

Test much compressed, dorsal and ventral 
sides nearly flat, somewhat trochoid, dorsal 
side completely evolute, showing two and 
one-half to three whorls, ventral side be- 
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ming somewhat involute in later part, 
o tral area of both sides usually covered 
“th clear shell material, varying from a thin 
ae to a thick plug which may obscure 

rly chambers, they become visible through 
. when specimen is moistened however, 
P riphery sharply rounded, slightly lobulate 
in later part; chambers distinct, numerous, 
eight to eleven in final whorl, increasing 
regularly in size as added ; Sutures somewhat 
indistinct in early portion, distinct and 
slightly depressed in later part, gently 
curved backward; wall quite coarsely per- 
forate; aperture a low opening at base of 
fnal chamber, extending from periphery 
onto ventral side. 

Dimensions. —Greatest diameter of hypo- 
type (PI. 39, fig. 14) .39 mm., least diameter 
32 mm., thickness .12 mm. Greatest diam- 
eter of hypotype (PI. 39, fig. 15) .36 mm., 
least diameter .30 mm., thickness .10 mm. 
Greatest diameter of small hypotype from 
Lyon County (PI. 39, fig. 16) .23 mm., 
least diameter .20 mm., thickness .09 mm. 

Remarks.—This species is similar to Pla- 
nulina taylorensis Carsey, in some respects. 
However it is much smaller, is not as evolute 
ventrally, and lacks the keeled periphery 
and raised sutures of that species. 

Occurrence—The type of this species is 
from the basal Niobrara of Kansas. It occurs 
throughout the Niobrara of Kansas, Ne- 
braska,and South Dakota, but is much more 
common in the lower (Fort Hays) member. 
In the Gulf Coast region it is most common 
in the lower Austin, with a few occurrences 
noted in the upper part. Three specimens of 
this species were found in the sample from 
the “Sodergren Quarry”’ (PI. 39, figs. 14, 15), 
and a single small specimen (Pl. 39, fig. 
16) from the Lyon County sample is also 
placed here. The latter may represent an im- 
mature specimen. 


Subclass RADIOLARIA Miller, 1858 
Order OscuLosipa Haeckel, 1887 
Division CYRTELLARI Haeckel, 1882 
Superfamily ARCHIPILLICAE Haeckel, 1882 
Sulsuperfamily SETHOPILILAE 
Haeckel, 1882 
Family LOPHOPHAENIDAE Haeckel, 1882 
Subfamily LOPHOPHAENINAE Haeckel, 1882 
Genus DictyocepHALUS Ehrenberg, 1860 
DictyocepHALus cf. D. MACROSTOMA Rust 
Text-fig. 5—15 
Didyocephalus macrostoma Rust, 1892, Contrib. 


Can. Micropaleontology, Geol. Nat. Hist. 
Survey Canada, pt. 4, p. 106, pl. 15, fig. 1. 
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Rust described this species as follows: 


Shell thin-walled, smooth, without collar 
structure. Cephalis subspherical, hyaline, 
without pores. Thorax roundish urceolated 
with regular circular pores about as wide as 
the bars, in 15 to 16 oblique rows. Mouth less 
constricted than in the former species (D. 
microstoma Rust); two-thirds as wide as the 
thorax, without peristome. 
Dimensions.—Length of hypotype .20 

mm., breadth .15 mm. 

Remarks.—This species is similar to 
Dictyocephalus microstoma Rust, but that 
species has the mouth only one-third as 
wide as the thorax and has 20 oblique rows 
of pores as compared to 15 or 16 in this 
species. 

Occurrence.—The species was originally 
described by Rust from the lower Pierre 
shale of Manitoba, Canada. It is fairly com- 
mon in the Lyon County sample. 


Subsuperfamily TRIACARTILAE 
Campbell, 1954 
Family STICHOCORYTHIDAE 
Haeckel, 1882 
Subfamily STICHOCORYTHINAE 
Haeckel, 1882 
Genus DICTYOMITRA Zittel, 1876 
DICTYOMITRA sp. 
Pl. 39, fig. 20 


Shell small, conical, slightly asymmetri- 
cal, consisting of five joints separated by 
quite broad horizontal septal bands which 
are but little indented; terminal joint 
widely open; surface of shell covered with 
small circular pores in irregular longitudinal 
rows, three to four pores per row in each 
joint. 

Dimensions.—Length of hypotype .20 
mm., breadth .12 mm. 

Remarks.—The specimen figured here ap- 
pears to represent a new species lacking as 
deeply indented strictures between joints as 
other species of this genus, and with more 
irregular surface ornamentation. 

Occurrence.—A single shell was found in 
the Lyon County sample. 


Subgenus DICTYOMITRA 
Haeckel, 1887 
DictyomiTRA (D.) cf. D. (D.) 
MULTICOSTATA Zittel 
Pl. 39, fig. 19 
Dictyomitra multicostata ZitTTEL, 1876, Zeit. 
deutsch geol. Gesell., vol. 28, p. 81, pl. 2, fig. 


2-4. Rust, 1892, Contrib. Can. Micropaleon- 
tology, Geol. Nat. Hist. Survey Canada, pt. 4, 
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p. 109, pl. 16, fig. 3. Nauss, 1947, Jour. Paleon- 

tology, vol. 21, p. 341, pl. 48, fig. 3, 8. 
Dictyomitra (Dictyomitroma) multicostata CAMP- 

BELL & CLARK, 1944, Geol. Soc. Am., Spec. 

Pap. no. 57, p. 39, pl. 8, fig. 22-24,29,35,42. 
Dictyomitra (Dictyomitra) multicostata CAMPBELL, 

1954, Treatise on Invertebrate Paleontology, 

Part D, Protista 3, p. D140, Fig. 72, 2. 

A single specimen from the Lyon County 
sample is referred to this species, which was 
described as follows by Rust: 

Shell slender conical with prominant 
longitudinal ribs, and from eight to ten deep 
strictures. Length and breadth of the joints 
gradually increasing, the eighth joint being 
twice as long and broad as the fourth joint. 
Pores regular circular, one series in each 
longitudinal furrow, three to four pores in 
each joint. 

Remarks.—The specimen referred here 
(Pl. 39, fig. 19) consists of nine joints and is 
.22 mm. long and .13 mm. broad. It lacks the 
deep strictures between the joints shown by 
this species, but agrees very well in other 
characteristics. It has the prominent longi- 
tudinal costae with one series of three or 
four pores in each furrow, and corresponds 
in size and shape. Dictyomitra (D.) tiara var. 
aspinosa Campbell & Clark has fewer joints, 
and has six pores per joint in each longitu- 
dinal furrow. 

Occurrence.—This species has been re- 
ported previously in North America from 
Canada and California. Rust found it in the 
lower Pierre shale of Manitoba, and Nauss 
recorded it in the upper Lloydmaster shale 
and lower Lea Park shale (Cenomanian) of 
Alberta. Campbell & Clark found it in the 
Corral Hollow shale (probably Upper Seno- 
nian) of California. 


Order OstrRAcopDA Latreille, 1806 
Family CYTHERIDAE Baird, 1850 
Genus CYTHEREIS Jones, 1849 
CyYTHEREIS aff. C. QUADRIALIRA Swain 
Pl. 39, fig. 18a—c 
Cythereis quadrialira Swain, 1952, U.S.GS., 

Prof. Pap. 234-B, pt. 2, p. 84, pl. 9, fig. 27-30. 

Carapace subquadrate-acuminate in side 
view, highest about one-quarter of length 
from anterior end; anterior margin broadly 
and evenly rounded, finely denticulate along 
lower two-thirds, with a finely spinose mar- 
ginal ridge which terminates just below 
antero-dorsal junctufe in a rounded eye 
tubercle; posterior end roundly triangular 
in shape, with scattered small spines both 
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above and below angulation, and gj} 

: : - ghtly 
thickened marginal rim; dorsal mary: 
nearly straight, ventral somewhat — 
subparallel to dorsal; valve convex, thickes 
about one-quarter of length from posterio, 
end, anterior and posterior ends much com 
pressed. Surface with four distinct ridges: 
first extends along ventral margin, beginnin, 
one-quarter of length from posterior end ang 
dying out one-third of length from anterior 
end; just dorsal of this, a second longitudinal 
ridge extends from anterior marginal ridge 
parallels ventral margin to point two-fifths 
of length from anterior margin, then angles 
slightly upward and ends at a small nog 
one-fifth of length from posterior end, with, 
row of coarse perforations along dorsal mar. 
gin, and crenulations along ventral Margin 
of angled portion of ridge; a prominent 
slightly arcuate median ridge extends from, 
small irregular node one-fifth of length from 
posterior end to an oval node one-fifth of 
length from anterior end, this ridge jg ey. 
panded and node-like just anterior to mid. 
dle, other smaller expanded areas occur at 
irregular intervals, anterior node bears q 
diagonal row of three small perforations; a 
thick, somewhat crenulate ridge extends for. 
ward from _ post-dorsal juncture, arches 
slightly downward and dies out just beneath 
eye tubercle. 

Hinge line slightly curved, about two. 
thirds of length of shell. Hinge structure of 
right value consists of terminal teeth, a 
small rounded socket postjacent to anterior 
tooth, and a narrow groove extending from 
socket to posterior tooth. Muscle scars and 
inner margin not observed. 

Dimensions.—Length of hypotype .f 
mm., height .37 mm., thickness of right 
valve .19 mm. 

Remarks.—This specimen differs only 
slightly from Cythereis quadrialira Swain, 
described from beds of Eutaw? age from 
Dare County, North Carolina. The om 
mental features, with only slight variations 
are all shown by this specimen. The major 
difference is the more strongly convex shel 
of the specimen described here. Cytherei 
niobrarensis Morrow, is similar in size and 
shape, but differs greatly in surface ora 
mentation. 

Occurrence.—The figured right valve is 
from the “Sodergren Quarry,” and is the 
only ostracode specimen from this material 
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: EXPLANATION OF PLATE 39 
All figures X75 
Fic. 1—Gyroidina sp. Ja, dorsal view, 1b, ventral view, Jc, peripheral view, ‘‘Sodergren Quarry,” 

North Redwood, Redwood Co. 

2,3—Globigerina washitensis Carsey. 2a,2b, dorsal and ventral views, Test Hole No. 7, 230 to 235 
feet, Aitkin Co. 3a, dorsal view, 3b, ventral view, 3c, peripheral view, Test Hole No. 30, 235 
to 240 feet, Crow Wing Co. 

4—8,13,17—Globigerina cretacea d’Orbigny. 4,6,8,17, from ‘‘Sodergren Quarry,” North Redwood, 
Redwood Co. 4a,4b, dorsal and peripheral views; 6a,6b, dorsal and ventral views; 84,8, 
dorsal and peripheral views; 17, dorsal view; 5,7,13, from Sec. 7, T113N, R42W, Lyon Co. 5, 
ventral view; 7, dorsal view; 13a,13b, dorsal and peripheral views. 

9-11—Globigerinella aspera Ehrenberg. Sec. 7, T113N, R42W, Lyon Co. 9a,9b, side and peripheral 
views; 10,11, side views. 

12—Anomalina sp. 12a,12b, dorsal and peripheral views, Sec. 7, T113N, R42W, Lyon Co. 

14-16—Planulina kansasensis Morrow. 14,15, from ‘“‘Sodergren Quarry,”’ North Redwood, Red- 
wood Co. 14, ventral view; 15a,15b, ventral and peripheral views; 16, dorsal view, Sec. 7, 
T113N, R42W, Lyon Co. 

18—Cythereis aft. C. quadrialira Swain. 18a, side view of right valve, 18), interior view, 18c, dorsal 
view, “‘Sodergren Quarry,’’ North Redwood, Redwood Co. 

SS 19—Dictyomitra (D.) cf. D. (D.) multicostata Zittel. Sec. 7, T113N, R42W, Lyon Co. 
20—Dictyomitra sp. Sec. 7, T113N, R42W, Lyon Co. 
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DIELASMA AND ITS EXTERNAL HOMEOMORPH BEECHERIA* 


FRANCIS G. STEHLI 
California Institute of Technology, Pasadena 





ABSTRACT—T wo externally homeomorphous genera have been found to be included 
in “‘Dielasma” of authors (non King 1859). Ambiguity was introduced into the 
generic concept early and eventually resulted in general acceptance of a generic di- 
agnosis which excluded the genotype. Dielasma is here restricted to those species 
showing the essential characters of the genotype and is considered to be a senior 
synonym of Dielasmoides Weller, 1914. A neotype is designated for Terebratulites 
elongatus Schlotheim to replace the original type material destroyed in the war. 
The name Beecheria is revived for external homeomorphs of Dielasma having the 
internal characters of Beecheria davidsoni Hall & Clarke. 





INTRODUCTION 


monG Upper Paleozoic Terebratuloidea 
A perhaps no genus is more familiar to 
paleontologists and stratigraphers than Die- 
lasma. The name has been widely applied 
throughout the world. In many cases the 
generic assignment may be correct, but the 
name has been commonly used to include 
two external homeomorphs of quite differ- 
ent internal structure. In the hope that the 
confusion surrounding Dielasma could be 
reduced, the genus has been subjected to 
careful study. 

An attempt was made to obtain the type 
material of Terebratulites elongatus Schlo- 
theim, the genotype of Dielasma. The writer 


* California Institute of Technology, Division 
of the Geological Sciences, Contribution No. 762. 


has received letters from both Dr. O. H. 
Schindewolf, formerly at the Geologisch- 
Paléontologisches Institut und Museum, Ber- 
lin, the repository for the types, and from 
Dr. Kurt Diebel, the present Curator, to the 
effect that the material was destroyed during 
the last war. The original material described 
by Schlotheim seems to have come from the 
Hohlenkalkstein near Glucksbrunnen and 
Liebenstein in the vicinity of Coberg, 
Thuringia. This region is now under Russian 
control, and it has proved impossible to get 
material from Schlotheim’s localities. A con- 
siderable amount of material has been ob- 
tained which came from the vicinity of 
Péssneck, Thuringia, and from the same 
horizon as the types. These specimens are all 
very similar and agree well with the rather 
crude figures of Schlotheim (1816, PI. 7, fig. 





EXPLANATION OF PLATE 40 


A. Beecheria 


Fic. 1-3—B. bovidens (Morton). Brachial, profile and pedicle views of a specimen from the ‘‘Coal 
Measures,”’ Kansas City, Mo., showing the external form most commonly seen in this genus; 


1 


4. 
4—B. davidsoni Hall & Clarke, from the Windsor series of Nova Scotia showing the somewhat 


encrusted, short terebratulacean loop. 


5,6—B. sp., from middle Missourian strata in Grapevine Canyon, New Mexico. Silicified and 
etched specimens showing the characteristic cardinalia of the genus. 


B. Dielasma 


Fic. 1-3,7—D. elongatum Schlotheim. Brachial, profile, pedicle and interior views of the neotype 

from Péssneck, Thuringia, Germany showing the characteristic external form of this species. 
4—Encrusted loop of D. elongatum from Péssneck. 

5,6—D. sp. Silicified and etched specimen from the Middle Permian of Texas showing the 


cardinalia characteristic of the genus. 


8—D. sp. Silicified specimen from the Middle Permian of Texas showing a perfect loop. 


C. Parafusulina 


Fic. 1,2—P. maleyi Dunbar & Skinner. Acetate peel of teratoid specimen under (/) reflected and (2) 


transmitted light, <7. 
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7-9). These specimens have been carefully 
studied with regard to both external and 
internal characters, and one has been se- 
lected as the neotype of Terebratulites elon- 
gatus Schlotheim. The neotype together 
with supplementary material has been pre- 
sented to the U. S. National Museum where 
it may be found under the number 124226 in 
the collections of fossil invertebrates. 

A history of the generic assignments given 
in the literature to Terebratulites elongatus 
Schlotheim, is long and complex. In order 
to resolve the nomenclatorial problems at- 
tending the use of the name Dielasma, it is 
considered necessary, however, to give a 
brief résumé of usage. The name Terebratu- 
lites elongatus was proposed by Schlotheim 
(1816, p. 27) for a species from the Upper 
Permian Zechstein dolomite (Hohlenkalk- 
stein) of Thuringia, Germany. Schlotheim 
(1823) later changed his usage of the name 
and included in T. elongatus forms as old as 
Devonian, which are now known to be gener- 
ically distinct. He used at this time the name 
T. subelongata for the Zechstein form. 
Geinitz (1861, p. 82) has correctly noted 
that this was improper and that the correct 
usage was that of Schlotheim, 1816. 

King (1850) in treating the Permian fos- 
sils of England, selected Terebratulites elon- 
gatus Schlotheim as typical of a group which 
he wished to distinguish from Terebratula. 
He did not, however, give a name to this 
group but used the name Epithyris Phillips. 
Buckman (1906) has pointed out that the 
genus Epithyris was established by Phillips 
(1841) for Terebratula maxilata Sowerby, a 
Jurassic species. The internal characters of 
T. maxilata have apparently never been in- 
vestigated, but it is certainly generically 
distinct from Terebratulites elongatus. The 
name Epithyris was thus not available for 
use by King in connection with the Zech- 
stein species. King (1859) realized this and 
proposed instead the name Dielasma for 
Terebratulites elongatus and congeneric spe- 
cies. 

Schlotheim (1816) presented figures of the 
exterior of T. elongatus which, though very 
crude, show its general characters. King, at 
the time of his first recognition of T. elon- 
gatus as belonging to a generic group dis- 
tinct from Terebratula, presented figures 
showing the critical internal structures 


(King, 1850, pl. 6, fig. 45). Davidson (185) 
later figured additional interiors, Haj & 
Clarke (1894, p. 295) first introduced ambi 
guity in their diagnosis of Dielasmg, They 
apparently relied for internal details on such 
species as Terebratula bovidens Morton with 
which they were familiar, but which do not 
belong to Dielasma. Though they repro- 
duced at the same time a text-figure from 
Davidson (1858) which correctly showed the 
internal features, they evidently Misinter- 
preted it. Weller (1914) followed Hall & 
Clarke in their interpretation of Dielasmg 
but refined their concept by excluding from 
the genus all forms not showing the internal 
characters of Terebratula bovidens Morton, 
He thus excluded from the genus, forms with 
the internal structure of the genotype. This 
was in part due to his misinterpretation of 
an internal mold and an interior of Ter. 
bratulites elongatus figured by Davidson 
(1858, pl. 1, fig. 18, 20). Weller believed that 
the area marked by the letter O in David. 
son’s figure 18 represented the median part 
of the cardinalia of a Terebratula bovidens 
type of structure. In reality, it represents 
the site of muscular insertion on the floor of 
the valve between the parts of the divided 
cardinal plate of true Dielasma. Forms hay- 
ing the internal structure of Terebratulite 
elongatus were placed by Weller (op. cit.) in 
a new genus Dielasmoides. The usage of 
Diélasma given by Weller was employed by 
most subsequent workers. Cloud (1942, p. 
113) suggested that ‘‘Dielasma”’ of authors 
was probably polyphyletic, and Stehli (1954, 
p. 353) has pointed out that current usage is 
improper. Dielasma is here restricted to 
those species showing the internal and ex- 
ternal characters of Terebratulites elongatus 
Schlotheim. 

The name Beecheria, proposed by Hall & 
Clarke (1893) with Beecheria davidsoni as 
genotype, is revived to include a group of 
external homeomorphs of Dielasma. While 
clearly indicating Beecheria davidsoni from 
the Mississippian Windsor group of Nova 
Scotia, Canada, as the genotype, Hall & 
Clarke apparently drew their generic diag- 
nosis largely from Hemiptychina sublaeus 
which they erroneously believed to be con- 
generic. Bell (1929) in an excellent study of 
the fauna of the Windsor group recognized 
that B. davidsoni possessed exactly the in- 
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rs then believed to be present 
ma. He therefore recommended 
of the name Beecheria in favor of 
Dielasma. It is now clear that the type of 
interior found in Dielasma s.s. is quite unlike 
that of Beecherta and the latter name is 
necessary to include members of this ex- 
ternally homeomorphous series. 


ternal characte 


in Dielas 
su pression 


Genus D1ELASMA King, 1859 


Discussion —As noted above, Weller 
(1914), in defining Dielasma, excluded from 
the genus representatives of Dielasma S.S. 
in his Mississippian material a single spe- 
cies, Dielasmoides bisinuata, was found 
which showed the internal characters of 
Dielasma, and for it he proposed a new 
genus. According to Weller (op. cit., p. 
255), all adults of Dielasmoides bisinuata 
probably show an anterior commissure 
which is to some degree sulciplicate. Adult 
topotype specimens of this species examined 
by the writer more often show a uniplicate 
than a sulciplicate anterior commissure, 
and a complete range is present between 
the two types of commissure. It is concluded 
that modification of the anterior is not, in 
this case, a valid specific character. It is cer- 
tainly not a character of generic significance 
and, as it is the only known feature in which 
Dielasmoides differs from Dielasma, the 
name Dielasmoides is rejected as a junior 
synonym of Dielasma. 

Dielasma appears to have evolved from 
Cranaena by way of Hamburgia in the late 
Devonian or early Mississippian. Dielasma 
ss. is first known from the Meramecian (St. 
Louis Is.) of the Mississippi Valley. The 


genus is rare in the Pennsylvanian but be- 
comes dominant in the Permian. Gener- 
ically distinct derivatives continue at least 
into the Triassic. 


DIELASMA ELONGATUM (Schlotheim) 
Pl. 40, fig. B 1-4,7 


Diagnosis.—Moderate sized Dielasma of 
oval outline, subequally convex longitudinal 
cross section and unequally convex trans- 
verse section. Pedicle valve of moderate 
longitudinal convexity, most convex near 
the beak and becoming less so anteriorly; 
transversely convex near the beak but flat 
to slightly concave anteriorly due to the de- 
velopment of a shallow sulcus; pedicle beak 
erect; beak ridges rounded; deltidial plates 
conjunct; pedicle foramen permesothyrid, 
marginate to labiate. Brachial valve longi- 
tudinally of even but low convexity; trans- 
versely of high convexity due to an indis- 
tinct fold. Anterior commissure mildly uni- 
plicate; later commissure sinuate, convex 
toward the pedicle valve. Color pattern un- 
known. 

Pedicle interior with well developed den- 
tal plates and a short pedicle collar; muscle 
insertions unknown but probably as in 
other species. Brachial interior with a small 
and imperfectly developed cardinal process 
or diductor muscle attachment site apically. 
Cardinal plate divided into two discrete 
plates each running from the socket plate 
to the valve floor without other attachment; 
one crus arising from each part of the cardi- 
nal plates; crural points normal; loop short 
and centronelliform in early ontogeny, but 
reaching a dielasmoid form in adults; trans- 
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TEXT-FIG. 1—Diagrammatic serial sections of 
the brachial valve of Dielasma. 
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TEXxtT-FIG. 2—Diagrammatic serial section: 
through the brachial valve of Beecheria. 
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verse band moderately recurved; position of 
muscle insertions uncertain but probably as 
in other species of the genus. 

Discussion——The above description is 
drawn from serial sections and from internal 
structures preserved in hollow shells from 
Péssneck, Thuringia, Germany. It is not 
entirely in agreement with the description of 
the genotype given by King (1859, p. 260) 
in which he states “ . . . umbonal cavity of 
the small valve furnished with muscular ful- 
cral plates, oblique, confluent, and forming 
a sternum-like process, supported by a 
medio-longitudinal plate.’’ No such develop- 
ment has been noted in Dielasma elongatum 
by the writer, but it has been seen ‘n some 
individuals from the Permian of Texas, and 
apparently falls within the range of normal 
individual variation. 


Genus BEECHERIA Hall & Clarke, 1893 
Pl. 40, fig. A 1-6 


Genotype: Beecheria davidsoni Hall & 
Clarke, 1893, Paleontology of New York, 
vol. 8, pt. 2, p. 300, fig. 224-225. 

Diagnosis.—Lower Mississippian to Mid- 
dle Permian external homeomorphs of 
Dielasma; pedicle interior as in Dielasma; 
brachial interior with the cardinal plate 
medially sessile and divided into two dis- 
crete plates laterally supported by crural 
plates; cardinal plate obsolete between 
crural plates and socket plates; loop dielas- 
moid, transverse band moderately re- 
curved. 

Discussion.—Beecheria belongs to a stock 
which became completely distinct from that 
which produced Dielasma at least as early 
as the Upper Devonian (Chemung). An an- 
cestral form, as yet undescribed, has been 
found, in the Upper Devonian of New York 
State, in which the cardinal plate has not 
yet become medially sessile or divided. Simi- 
larity of the loop and the internal and ex- 
ternal features of the pedicle beak indicate 
that both Dielasma and Beecheria probably 
originate in the Cranaeninae. 
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Beecheria is abundant in the Mississip F 
and Pennsylvanian. It occurs rarely a 
Lower and Middle Permian but thereafe. 
disappears, though specialized and ro 
ically distinct derivatives continue at a 
through the remainder of the Paleozoic, 
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A TERATOID PARAFUSULINA 


JOHN S. BRADLEY 
Institute of Marine Science, The University of Texas, Port Aransas 





—An abnormal specimen of P. maleyi Dunbar & Skinner is illustrated and 
decribed. It is believed to be from the Permian Getaway limestone of the Guada- 


lupe Mountains, West Texas. 





x 1950, during the field investigations of 
Line Newell party! in the Guadalupe 
Mountains, a strange Y-shaped representa- 
tive of Parafusulina was found in the rubble 
of one wall of the Pinery. The Pinery is the 
ruin of a military post on the old Butterfield 
trail at the foot of Guadalupe Peak, near 
Pine Spring, Texas. The fusulinid (PI. 43, 
fig. C1, 2) is weathered to a near-axial sec- 
tion at the limestone cobble surface, and the 
proloculum is visible. The Y-shape is due to 
fracture and regeneration at the fractured 
end. The cobble is evidently from the middle 
Guadalupian (Permian) Getaway limestone, 
which outcrops within 300 yards of the ruin 
(King, 1948, pl. 3). The limestone is a dark 
gray calcilutite. Normal representatives of 
Parafusulina maleyi occur in the cobble, and 
itis believed that the teratological specimen 
is also of that species, although another 
species of Parafusulina of similar dimension 
(P. rothi) is also known from the Getaway 
limestone. 

The teratoid specimen (Am. Mus. Nat. 
Hist., 27948) has a normal proloculum and 
three complete volutions that were de- 
veloped before fracture. The fourth volution 
isincomplete, evidently fractured. The fifth 
volution is obscured but may have been 
fractured. The sixth, seventh, and eighth 
volutions are complete around the entire 
Y-shaped shell. 


‘From 1948 to 1952 Dr. Norman D. Newell of 
the American Museum of Natural History and 
Columbia University directed a study of the 
Permian reef complex in the Guadalupe Moun- 
tains of West Texas and New Mexico. The major 
rey oo project were published by Newell 
et al., 1953, 


Dunbar & Skinner (1937) noted teratism 
in their specimens of P. rothi. They state 
(p. 685): 


Among these elongated shells are found 
remarkable instances of injury and repair. 
The specimen shown as figure 12 of Plate 76 
had been 12 and 13 volutions when it was 
broken in two only 4 mm. from the prolocu- 
lum. The larger portion lived and the last 
two volutions grew over the broken end, 
completely patching it. Another shell of the 
same species in the authors’ collection shows 
that the short end of such a broken shell, 
even though it lacked a proloculum, could 
regenerate the missing part. This specimen 
starts with a nucleus which is a fragment of 
the end of a shell only 1.1 mm. in diameter 
and 1.2 mm. long. Nine volutions were added 
after the injury and the broken end was re- 
generated until it is almost as long as the 
other. 


Concerning P. maleyi, they note (p. 687): 


This species is associated with P. rothi 
which it closely resembles in many respects. 
A separation is based chiefly upon shape and 
proportions, P. rothi being thicker at corre- 
sponding volutions and shorter and more 
stubby at maturity. 


Further study of terata may furnish a key 
for morphological and ecological studies. 
For instance, from Dunbar & Skinner’s 
(1937) description of the fusulinid fragment 
without a proloculum regenerating itself to 
near normal proportions, the assumption of 
multiple nuclei might be drawn. Also, terata 
with multiple proloculi are known from 
many species (Thompson, 1948, p. 10). 
Further study of prolocular and tunnel 
structures may lead to conclusions as to the 
number and location of nuclei within the 
organism. It might also be found that only 
the “higher” forms (Parafusulina, Poly- 
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diexodina) can regenerate without the 
proloculum. 

It is neither plausible to attempt specifi- 
cally to collect teratoid specimens, nor to 
re-examine all existing collections. However, 
notation by many observers over a period 
of years may divulge the significance of 
teratology in the study of paleoecology. 
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NOTES ON OLDHAMINID BRACHIOPODS* 


FRANCIS G. STEHLI 
California Institute of Technology, Pasadena 


Apstract—The aberrant brachiopod genera included in the family Oldhaminidae 
s a peculiar brachial valve which has been thought to be an immobile internal 
plate. Detailed study of excellently preserved material suggests that the brachial 
valve was functional and served for protection and lophophore support. A ptycholo- 
phus lophophore was characteristic of the family and incurrent waters probabl 
entered the shell via the distal ends of the lateral lobes while excurrent waters left 
it via the median incision. Two groups, one characterized by symmetrical and the 
other by asymmetrical musculature may be distinguished and do not coincide with 
the groups previously separated on the basis of symmetry or asymmetry of the 
brachial valve. Two new genera Rigbyella and Pseudoleptodus are described. A new 
species is questionably referred to Adriana. The Triassic genus Pterophloios is 
figured and discussed and is referred to the Oldhaminidae. Such ecologic data as exist 





are presented for each of the species considered. 


INTRODUCTION 


arouses more interest and receives 
more study than is accorded important but 
commonplace relatives, and yet remains 
imperfectly understood. Among Upper Pa- 
leozoic brachiopods this has been the case 
with the unusual and highly specialized old- 
haminids, for though they have received a 
disproportionately large amount of study 
they are still poorly known. Many investi- 
gations of the group have been based on im- 
perfect material as witnessed by the fact 
that various representatives were placed 
first as fish and later as gastropods prior to 
their recognition as brachiopods. Recent 
studies of silicified Permian faunas from the 
Guadalupe Mountains of West Texas, based 
on nearly perfect specimens, have added 
many details to our knowledge of the group 
and so justify further discussion. 

Many of the specimens examined reveal 
evidence of the nature and position of the 
soft parts, and this makes possible what are 
at least probable reconstructions of some 
gross aspects of the soft anatomy. Recovery 
of many specimens either in position of 
growth or clearly showing attachment scars 
permits some conclusions as to living habits. 
Good control on Permian water depth is pos- 
ible in the collecting area and some indi- 
cation of habitat preferences can be gained. 

Since Waagen’s (1882) recognition of the 


N” uncommonly, an aberrant group 


* California Institute of Technology, Division 
of the Geological Sciences, Contribution No. 763. 


oldhaminids as_ brachiopods, important 
studies of the group have been made by 
Noetling (1905), Watson (1917), Fredericks 
(1926), Wanner & Sieverts (1935) and by 
Williams (1953). The recent study by Wil- 
liams is a comprehensive one which includes 
discussion of the shell structure, gross mor- 
phology and classification. He presents the 
arresting and original idea that the brachial 
valve in this group was an internal plate 
and the animal functionally univalved. It 
was in part to test this hypothesis that the 
present investigation was undertaken, and 
evidence bearing on this point is set forth 
below. 

The brachial valve and associated struc- 
tures—The brachial valve in advanced 
oldhaminids is a highly complex structure 
which in outline more nearly resembles a 
fern frond than the typical brachiopod 
valve. It generally consists of a more or less 
massive posterior plate from which two 
main trunks, often posteriorly united, run 
forward giving off lateral branches. It has 
been shown by Williams (1953) that with 
the exception of a very small triangular 
area near the hinge the valve consists of 
only a single shell layer. This was deter- 
mined by the study of sections but is also 
apparent from observation of the shell sur- 
face which exhibits numerous pseudopunc- 
tae (a feature of the inner shell layer of 
typical strophomenids) except in a small tri- 
angular area near the hinge, where they are 
hidden by the lamellar layer. 

In Recent terebratuloid brachiopods Wil- 
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liams has observed that the inner shell layer 
is secreted only by the surface of the mantle 
and that internal structures composed only 
of the inner layer are formed in invagina- 
tions of the mantle. From this evidence he 
reasons that the brachial valve of the old- 
haminids, consisting almost exclusively of 
this shell layer, must have been internal. 

The unusual shape of the brachial valve 
has excited the curiosity of many investi- 
gators and has evoked much speculation. If 
viewed in other than functional morphologic 
terms, its shape seems inexplicable. So con- 
sidered, however, it becomes apparent that 
the peculiar shape must bear an intimate 
relationship to the lophophore. In all Re- 
cent articulate brachiopods the lophophore 
occupies most of the area between the valves 
while the remaining viscera are limited to a 
small posterior space. Fossil articulates giv- 
ing evidence on this point also suggest that 
the lophophore generally occupied not only 
the anterior portions of the valves, but a ma- 
jority of the enclosed space. It seems be- 
yond doubt that a similar situation existed 
in the oldhaminids. 

One of the prime functions of the brachial 
valve is the support of the lophophore and 
reduction of the valve may logically be sup- 
posed never to have proceeded to sucha 
stage that efficiency as a lophophore sup- 
port was lessened. This being the case, and 
the oldhaminid brachial valve being as dras- 
tically reduced as it is, it seems probable 
that its shape was closely related to that of 
the lophophore itself. A careful examination 
of the interior of the brachial valve in well 
preserved specimens reveals a slight ridge 
close to and paralleling the margin through- 
out the extent of the valve (PI. 41, fig. 3). 
This ridge was probably the site of attach- 
ment of what can only have been a com- 
plexly ptycholophus lophophore. 

Recent work on the feeding mechanisms 
of brachiopods by Richards (1952) suggests 
that feeding is accomplished by the forcing, 
under differential pressure, of the food bear- 
ing water currents past the filaments of the 
lophophore. Unfortunately, the observa- 
tions leading to this conclusion were limited 
to one species, with a plectolophus lopho- 
phore, and were not complete. Such mechan- 
ical data as are now available indicate that 
the probable distribution of currents was as 
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Williams (1953, p. 284) has Suggested, with 
incurrent waters entering the distal ends of 
the lateral lobes and excurrent waters leay. 
ing by way of the median incision. However 
until a comprehensive study of the water 
current system of some living Ptycholophys 
form such as Lacazella is carried out, it is im. 
possible to do more than speculate about 
water currents in the oldhaminids, 

Interpretation of the morphology and 
function of the oldhaminids depends cop. 
siderably on the nature of the brachial 
valve. If, as Williams contends, the valve 
was an immobile internal plate, then func. 
tion must be analyzed within the rather 
narrow parameters possible in sych an 
animal. If, on the other hand the brachial 
valve was functional, the animals were less 
specialized than Williams suggests, and 
more like normal brachiopods. It is neces. 
sary therefore at this point to investigate 
evidence bearing on the function of the 
brachial valve. 

The oldhaminid hinge is very short and 
in this respect quite unlike that of most re. 
lated groups. Despite this peculiarity, the 
brachial valve rests freely in the articular 
area of the pedicle valve and was, when 
normally developed, structurally capable of 
considerable movement. Striated surfaces of 
the pedicle articular area suggest movement. 
The, articulation is somewhat different in 
principle from that in most strophomenids 
for the two valves were not in contact 
throughout the extent of a long hinge butat 
two points only, one on either side of the 
hinge. This system had the advantage of 
continuously increasing the leverage of the 
diductor muscles as the valves became long- 
er and heavier, for the point of articulation 
continued to migrate upward with growth. 
If the brachial valve were an immobile, in- 
ternal plate such an adaption seems in- 





Text-FIG. 1—Longitudinal section of part of an 
oldhaminid shell showing the relationships of 
the brachial valve to the pedicle valve and the 
seating notches in the latter in which the 
brachial valve snuggly fits. 
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s does the persistence of articu- 


explicable a 
jation itself. 

Interpretation 
muscle patterns 1n oO} 
ficult because poor 1 


ion and even discovery of the 
oldhaminids is often dif- 
mpression of the scars 
seems to be the rule. A careful examination 
of a large number of specimens and most 
published illustrations indicates that the 
group is divisible into two large sections on 
the basis of the muscle pattern. One group 
retains the essentially symmetrical muscu- 
lature characteristic of brachiopods in gen- 
eral. The other possesses a peculiar and 
highly specialized asymmetrical muscula- 
ture. ‘ 
In the first group the musculature is 
basically symmetrical although individual 
variation due to asymmetry of the shell as 
a result of crowding or peculiarities of the 
attachment surface is high. The muscle 
pattern is fairly well known for at least 
some members of this group. Coscitnophora 
Cooper & Stehli may be cited as an example. 
In the pedicle valve a pair of large elongate, 
medially located adductors are bordered by 
the much smaller, elongate diductors—such 
asize relationship is unlike that of other bra- 
chiopod groups, and the extreme develop- 
ment of the adductors was probably necessi- 
tated by the difficulties of holding a valve of 
such large surface area in place in agitated 
water. In the brachial valve the cardinal 
process is reduced in the fashion character- 
istic for oldhaminids. This was apparently 
required by the extreme shallowness of the 
body chamber and was not, as Williams im- 
plies (1953, p. 284), due to degeneracy. The 
feature can be seen, in well preserved speci- 
mens, to bear distinct scars for diductor at- 
tachment. Anterior to the cardinal process 
are the insertions of adductors, which can 
be seen only on exceptional material and 
then, poorly. If the size of the muscle scars 
isany indication of functionality, as indeed 
it must be, then the musculature of these 
animals was functional and not as Williams 
suggests “degenerate to a degree of almost 
total atrophy.”’ It is interesting that Cosci- 
nophora which possesses well developed 
muscle scars also had a massive, brachial 
valve. This may account for their strong 
impression in this genus as contrasted to the 
weak impression in most others. 

Among the asymmetrically muscled group 


of oldhaminids, impression of muscle scars 
is very poor. Typically, only the very large 
right diductor muscle (interpretation of this 
large right muscle as having a diductor 
rather than adductor function as supposed 
by Watson (1917) is discussed under the de- 
scription of Adriana? guadalupensis) scar 
can be noted, and this only because it was 
characteristically housed in a more or less 
calcified sheath. Such other muscle impres- 
sions as we have observed are discussed by 
Watson (1917) in his description of Poikilo- 
sakos. In this genus the brachial interior, 
insofar as the writer is aware, is almost com- 
pletely unknown. In spite of very incom- 
plete knowledge, it is apparent that the 
right diductor at least was large and presum- 
ably functional. 

In summary, it may be said of such old- 
haminids as preserve well impressed muscle 
scars, that the musculature is well developed 
and presumably powerful. As this is the case 
where the evidence is clear, it seems un- 
necessary to assume atrophy in those forms 
in which muscular impression is poor or in 
which the details of the musculature are 
simply unknown. The presence of well de- 
veloped muscles seems to indicate that they 
were functional. Functional adductor and 
diductor muscles can only mean mobility 
of the brachial valve, unless the muscles 
had become modified to serve some other 
purpose, and of this there is no evidence 
whatever. 

Williams believed that the oldhaminids 
could not move the brachial valve and sug- 
gests that this immobility was not detri- 
mental to the animal. He suggests further 
that the brachial valve was elevated above 
the pedicle valve by the septal apparatus of 
the latter so that a steady current of nutri- 
ent and oxygen-bearing waters could enter 
the lophophore cavity by way of the distal 
ends of the lateral lobes and leave by the 
median incision. Careful examination of 
complete, and undamaged specimens indi- 
cates, however, that the edges of the bra- 
chial valve rested everywhere in contact 
with a receiving notch in the pedicle valve 
so that the brachial valve, at rest, was no- 
where elevated above the pedicle (Pl. 42, 
fig. 3). It is apparent, then, that in order to 
introduce nutrient currents into the lopho- 
phore cavity, the brachial valve had to be 
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elevated, even if only slightly. Examination 
of a large series of oldhaminids indicates 
that where movement of the brachial valve 
of the animal was hampered by asymmetry 
of one or both valves, sufficient mobility 
was always maintained to allow slight an- 
terior gape of the valves. Study of damaged 
Recent brachiopods which were dredged 
alive in apparent good health, indicates that 
the animals can continue to exist even with 
' gape of the valves reduced to a very slight 
amount. 

While the specific ancestors of the old- 
haminids are not yet known, it is neverthe- 
less true that all candidates for the position 
possess a normal entire and protective 
brachial valve. This is borne out also by the 
ontogeny of Poikilosakos in which the pin- 
nate valve develops from an initially simple 
one. If the deductions of Williams are valid, 
then at some point both in phylogeny and 
ontogeny the brachial valve no longer was 
needed to serve a protective function. This 
suggestion does not clash with the known 
increase in the complexity of lobation of the 
brachial valve with time, for the valve freed 
of its former protective function could de- 
velop almost without regard for reduction 
in strength. The idea does seem to be at 
variance, however, with the trend toward 
secondary strengthening which is manifest 
in several later stocks. Coscinophora shows 
one modification in the direction of increas- 
ing strength. Here the posterior plate-like 





portion of the brachial valve has beco 
extremely massive and has incorporated . 
considerable portion of the valve. In ad. 
tion dissepiments have developed inne. 
the lateral lobes uniting them at regular in 
tervals. As has been pointed out above the 
brachial valve of the oldhaminids can vee 
terpreted meaningfully only by relating it to 
a ptycholophus lophophore. The dissepi. 
ments of Coscinophora do not bear any con. 
ceivable relationship to the lophophore and 
seem meaningful only if interpreted as an 
adaptation toward strengthening, a feature 
of doubtful value in an immobile internal 
plate. This conclusion is supported by the 
concomitant increase in the thickness of the 
pedicle valve, and may be related to , 
change in niche occupation such as invasion 
of a very rough water habitat. 

The trend toward strengthening is als 
manifest in the last known member of the 
oldhaminid stock, the Upper Triassic genus, 
Pterophloios. In this form the brachial yalye 
has become completely altered so as to pre. 
sent a secondarily smooth margin. It was 
definitely protective in function and covered 
the entire pedicle valve. This type of de- 
velopment is difficult to reconcile with the 
concept of an immobile, internal lophophore 
support. 

A final, though indirect, bit of evidence 
may be of interest here. Contrary to the as- 
sertion made by Williams (1953, p. 280), in 
discussing oldhamanid shell micro-struc- 


EXPLANATION OF PLATE 41 


Fic. 1,4,6,8—Adriana? guadalupensis Stehli, n. sp. 1, interior of pedicle valve (A.M.N.H. 27935:1) 
attached to a brachial valve of Psilonotus sp. and showing the two main trunks, X3. 4, profile 
of same specimen in assumed growth position showing the characteristic conical form of the 
pedicle valve, X2. 6, pedicle interior of same specimen showing the calcereous sheath which 
surrounded the large diductor muscle, X3. 8, pedicle interior (A.M.N.H. 27935:2) showing 
the septal apparatus and calcareous muscle sheath, X3. ; ; ’ 

3—Leptodus sp. (C.1.T. 5949). Interior of a fragmentary brachial valve showing the ridge believed 
to have been the site of lophophore attachment, X1. ee ee ; 

2,5—Pseudoleptodus getawayensis Stehli, n. gen., n. sp. 2, hinge region of pedicle interior showing 
the asymmetrical musculature as indicated by the calcareous sheath of the right diductor 
(A.M.N.H. 27934:1), X2. 5, profile (A.M.N.H. 27934:2) showing the assumed growth habit 
and the conconical form, X2. } 

7,9-13—Rigbyella girtyi (Wanner & Sieverts). 7, pedicle interior showing symmetrical adductor 
scars. (A.M.N.H. 29733:1), X2.5; 9, pedicle interior same specimen showing straight edged 
medial grooves and lobate lateral lobes, X2. 10, complete specimen (A.M.N.H. 27933:2) 
showing the brachial valve in place, X4. 11, pedicle valve still attached to a specimen 
Stenoscisma (A.M.N.H. 27933:3), X3. 12, pedicle exterior (A.M.N.H. 27933:2), note at- 
tached bryozoan, <3. 13, pedicle exterior (A.M.N.H. 27933:3) in position of growth, X3. 
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OLDHA MINID BRACHIOPODS 


that “the absence of the lamellar 
es for so large an area is not known in 
her brachiopod,” the lamellar layer is 
completely lacking in the brachial valve of 
brachiopods belonging to the productaceid 
family Richthofenidae. The strong articu- 
lation of the richthofenid brachial valve and 
its undoubted complete closure of the 
dicle cone, leave little doubt that it was 
entirely functional. It seems hardly neces- 
sary to point out that the richthofenids are 
a great deal closer in relationship to the old- 
haminids than are the terebratuloids. A 
more reasonable homology may thus be 
drawn between the two former than the 
two latter groups. 

In the opinion of the writer the evidence 
brought forward above, both direct and in- 
direct, tends to make the hypothesis of an 
internal brachial valve untenable. It ap- 
pears far more likely that the cells at the 
tip of the mantle lobe of the oldhaminids 
and richthofenids either did not function as 
a depositional tissue beyond early ontogeny, 
or that at some point in the maturation of 
the animal, the metabolism and/or physi- 
ology of these cells was so altered that they 
like the rest of the mantle cells produced 
fibrous shell. 

Remarks on soft part anatomy, growth 
habit and preferred habitat.—If, as the 
writer believes, the brachial valve of old- 
haminids was external and functioned in 
part for protection, then the line along which 
closure took place (PI. 42, fig. 3) marks a 
position to which the mantle of the pedicle 
valve had to be withdrawn during closure. 
The pedicle mantle must therefore have 
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been remarkably retractile. One is reminded 
of such modern gastropods as the various 
species of Cyphoma in which a thin, film-like 
mantle can be extended to cover the entire 
outer surface of the shell. 

In general, the soft part anatomy of the 
oldhaminids of the symmetrically muscled 
group seem to have closely followed the 
basic plan for articulate brachiopods, ex- 
cept for the unusually large size of the ad- 
ductors in the pedicle valve and the com- 
plexly ptycholophus lophophore in the 
brachial valve. Among the asymmetrically 
muscled forms, poor impression of muscle 
scars leaves considerable doubt as to the 
mechanics of valve articulation and devia- 
tion from the normal articulate brachiopod 
plan is extreme. 

Apparently all oldhaminids with the ex- 
ception of Oldhamina itself, were attached 
throughout life by the pedicle umbo, and 
even this genus was attached in early ontog- 
eny. The exact mode of attachment is 
rather variable, and the pedicle valve may 
be entirely cemented or only attached ap- 
ically. The larvae seem to have settled on 
suitable attachment sites and then initiated 
cemented shell growth. In many forms se- 
cretion of the initial cementation disc was 
followed by an abrupt turning away from 
the substratum. When found attached to 
objects which can be confidently restored 
to their life position, the oldhaminids are 
found to live in the positions shown in 
Plate 41, figures 4, 5, 13. Forms living at- 
tached to crinoid stems probably hung 
downward. 

In the Guadalupe Mountains and the 


EXPLANATION OF PLATE 42 


Fic. 1,3—Pseudoleptodus getawayensis Stehli, n. gen., n. sp. 1, hinge region (A.M.N.H. 27934: 1) show- 
ing calcareous muscle sheath; note papillae which are in reality pseudopunctae, 4.5. 
J, pedicle interior (A.M.N.H. 27934:2) showing the ridges indicating the seat of the brachial 


valve, X2. 


2,7—Coscinophora sp. 2, hinge region showing large adductor scars at either side of the median 
septum and the laterally placed diductors, X1.5. Note also the characteristic beaded ridges 


of the genus. (C.I.T. 5950:1) 7, posterior of a partial 


icle valve showing the anterior ends 


of the adductor scars, X2. Note also the initiation of the pallial trunks between the muscle 


scars. (C.1.T. 5950: 2) 


4+-6—Pterophloios sp., X4. 4, profile of brachial valve showing the calcareous shell material filling 
the inter-pinnal spaces (U.S.N.M. 108873); 5, posterior same specimen showing geniculation 
of valve indicating cementation of umbo of pedicle valve. 6, interior of brachial valve showing 
the characteristic pinnate structure of the oldhaminids with the secondary infilling charac- 


teristic of the genus. 
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Sierra Diablo where water depth can be 
rather closely estimated by reference to the 
tops of reefs on the assumption that they 
represent sea level, the oldhaminids prove 
to prefer shallow water. Scattered and prob- 
ably transported shells are sometimes found 
in deep water areas, but large concentrations 
of shells essentially in place are shallow 
water deposits. With the exception of Old- 
hamina and those forms attaching to crinoid 
stems, most oldhaminids and all of the 
larger forms required hard bottoms. This 
requirement seems to have been equally 
well satisfied by reefs, rocky bottoms or 
accumulations of larger invertebrate skele- 
tal debris. The water depth of the deposits 
in which oldhaminids are plentifully found 
suggests that they preferred to live in the 
illuminated zone. 

Oldhaminoid classification.—The proper 
classification of the oldhaminid brachiopods 
has long been and still remains a perplexing 
question. The group has most frequently 
been assigned a place either among the Pro- 
ductacea or the Strophomenoidea. The com- 
plete absence of spines, a persistent produc- 
taceid character in any known species, 
seems to bar the group from a place among 
productaceids and by elimination strongly 
suggests that they are strophomenoids. No 
other group of brachiopods morphologically 
and temporally acceptable as ancestral to 
the oldhaminids is known, and it seems 
probable that they can be securely placed 
among the Strophomenoidea. 

Williams (1953) believes that the old- 
haminids can be divided into two distinct 
groups based on symmetry or asymmetry 
of the brachial valve. The results of the pres- 
ent study also suggest that a two-fold di- 
vision can be made, but on the basis of 
symmetry or asymmetry of the muscula- 
ture. Genera having both symmetrical and 
asymmetrical musculature fall within the 
group characterized by Williams as having 
symmetrical valve development. It is quite 
apparent that evidence afforded by valve 
symmetry and that afforded by muscle sym- 
metry are not in accord, and the classifi- 
cation of the oldhaminids can not yet be re- 
garded as stabilized. 

The writer believes that a natural classi- 
fication can be achieved only by consider- 
ing all available characters and that tax- 
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onomy based on a single character Must be 
suspect. In view of the obvious Confys; 
still existing concerning the group, it is et 
that its elevation to subordina] rank tr 
Williams and his use of two family division. 
was unwise. Elevation of a group to histe 
taxonomic rank does not aid in discoveries 
its relationships and merely serves to a 
plicate the literature. For this reason the 
writer prefers to retain the more conan, 
tive but also less misleading classification of 
the group into a single admittedly hetero. 
geneous family within the Strophomenoide, 
pending some conclusive demonstration of 
lower rank relationships. 


SYSTEMATICS 
RIGBYELLA Stehli, n. gen. 


Diganosis.—Small cup-shaped oldhanj. 
nids attached by cementation of the pedicle 
beak. Brachial valve symmetrical and con- 
sisting of few anteriorly directed lobes 
Pedicle interior sometimes with three short 
myophragms immediately anterior to the 
hinge; musculature symmetrical. 

Genotype: Paralyttonia girtyi Wanner & 
Sieverts, 1935. 


RIGBYELLA GIRTYI 
(Wanner & Sieverts) 
Pl. 41, fig. 7,9-13 

Leptodus americanus GirTy, 1908, (considered 
Rigbyella girtyi to be the young of L. ameri- 
canus), U. S. Geol. Survey, Prof. Paper 58 
pl. 4, fig. 8-8b. 

Paralyttonia girtyi WANNER & SIEVERTS, 1935, 
N. Jahrb. fiir Min., etc., Beilage Band 74, 
Abt: B, p. 209-210. 
Diagnosis.—Minute, cup-like Rigbyella 

cemented to a foreign object. Pedicle ex- 

terior with faint, irregular growth lines; at- 
tached by the beak and by a small wash of 
adventitious shell material; valve roughly 
cup-shaped, wider than long. Brachial valve 
symmetrical, very much reduced and con- 
sisting of four, or very rarely six, anteriorly 
directed lobes (when six lobes are present 
there are four primary lobes and each of the 
lateral primary lobes gives rise near the 
front to a smaller lobe); outer lobes bearing 
on their lateral margins several small irregu- 
lar extensions while the median edge is 
straight; inner lobes straight on both edges; 
the four main lobes united posteriorly and 
terminated in a narrow hinge which is 
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panded at its articular edge; sur- 
t destroyed by silicification in 


slightly ex 
ornamen 

a aimee examined but probably con- 

‘sting of fine papillae. 

a interior with four deep troughs, 


corresponding to the lobes of the brachial 
valve, which are separated by ridges; 
troughs uniting posteriorly and bordered by 
a low ridge reaching the hinge; hinge with a 
triangular articular surface at either side; 
three low myophragms are sometimes pres- 
ent, parallel to one another and just an- 
terior to the hinge, between them, or in this 
position when they are absent are elongate, 
symmetrical adductor muscle scars; diduc- 
tor scars not impressed. Interior of the 
brachial valve unknown. 

Discussion.—Girty (1908, pl. 4, fig. 8-8b) 
in his pioneer studies of the West Texas 
Permian figured a specimen of this species 
but incorrectly assigned it to Leptodus 
americanus of which he believed it to be a 
juvenile. This error has been pointed out by 
Wanner & Sieverts (1935) who place the 
species in the genus Paralyttonia under the 
name P. girtyi. Examination of a number of 
excellent silicified specimens from the Gua- 
dalupe Mountains of West Texas has shown 
that the species differs from Paralyttonia in 
many important respects. The growth habit 
is entirely different, Rigbyella being cup- 
like and free of the substratum except at 
the beak, while Paralyttonia is cemented by 
the entire outside of the pedicle valve. It 
further differs from Paralyttonia in the sym- 
metrical development of the brachial valve 
and in the occasional presence of the three 
small myophragms in the pedicle valve. 

It is quite clear from the specimens at 
hand that the brachial valve closely apposed 
the pedicle valve when closed and was com- 
pletely free to articulate. The presence of 
symmetrically developed muscle scars in 
the pedicle valve suggests that it did in 
fact open and close. 

In one specimen the pedicle valve is at- 
tached to a large specimen of Stenoscisma. 
The shell of the host shows little evidence of 
wear, retaining much of the recurved skirt 
characteristic of the genus and was almost 
certainly not subject to much transport. If 
the host shell rested on the bottom, in what 
would seem the only likely position, with 
the pedicle valve down, then the attached 
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Rigbyella lived with the pedicle cup so ori- 
ented that the brachial valve was in a near- 
ly horizontal plane. 

R. girtyi is found in deposits which ac- 
cumulated at the foot of the great Capitan 
reef during the latest phase of its existence. 
It can not be definitely ascertained whether 
the species lived here, where the water was 
between 1500 to 2000 feet deep, or whether 
it was a reef dweller which reached the 
deeper water after death, but the latter 
seems highly probable. Collections made in 
the reef, including portions of the same age 
as the beds containing R. girtyi have not 
revealed the species. As a statistical sample, 
however, the small collections hammered 
out of the reef are less satisfying than those 
obtained by acid etching of many cubic feet 
of the forereef limestones. Even in the silici- 
fied collections R. girtyi is very rare. 

Range.—During the present investiga- 
tions R. girtyi has been found only in the 
Lamar limestone member of the Bell Can- 
yon formation. Girty (1908, p. 212) cites 
the species from the ‘Capitan formation, 
hill southwest of Guadalupe Point (station 
2906).”” Girty’s stations have proved very 
difficult to locate as his usuage of the term 
Capitan was not by any means the current 
one. His locality map indicates that station 
2906zis in an area of fault blocks and his 
material may have come from any Leonar- 
dian or Guadalupian horizon. 


Genus PsEUDOLEPTODUs Stehli, n. gen. 


Genotype: P. getawayensis, n. sp. 

Diagnosis.—Moderate sized, heavy shelled 
oldhaminoids. Pedical valve a squat cone. 
Brachial valve more or less symmetrically 
developed. Musculature asymmetrical. 

Discussion.—This genus differs from the 
superficially similar group of genera closely 
related to Leptodus in the asymmetrical de- 
velopment of the musculature. From other 
asymmetrically muscled forms it differs in 
its heavy shell and in its symmetrical 
brachial valve. It might most easily be con- 
fused with Keyserlingina Tschernyschew 
which is a rather similar cup-shaped 
form. Keyserlingina, however, as shown by 
Tschernyschew (1902, pl. 42, fig. 15a and 
text-fig. 16) in K. schellweini, the genotype, 
does not possess the calcareous sheath for 
housing of the right diductor muscles 
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which characterizes asymmetrically muscled 
forms. The genus thus belongs to the sym- 
metrically muscled group and is distinctly 
different from Pseudoleptodus. This conclu- 
sion is supported also by a figure given by 
Fredericks (1916, pl. 4, fig. 10) which shows 
an internal mold of Keyserlingina clearly 
showing the absence of the muscle sheath. 


PSEUDOLEPTODUS GETAWAYENSIS 
Stehli, n. sp. 
Pl. 41, fig. 2,5; Pl. 42, fig. 1,3 


Diagnosis.—Moderate_ sized oldhami- 
noids. Pedicle valve heavy shelled, forming 
a low cone, highest at the anterior margin; 
growth initiated as a flat plate on the object 
of attachment, in subsequent growth the 
margins become geniculated upwards to 
form the adult cone; valve marked only by 
irregular growth wrinkles. Brachial valve 
unknown except insofar as its shape is re- 
flected by the pedicle valve. Pedicle interior 
with a short ridge-like hinge from which two 
ridges diverge indicating the form of the 
brachial valve, except posteriorly where the 
ridge excludes the articular areas at the 
hinge; lateral ridges of the “‘septal appara- 
tus’’ usually single and massive; median 
ridge beginning at some distance in front 
of the hinge; lateral ridges inclined at about 
45 degrees to the median ridge and number- 
ing five or more on each side; interior of the 
cone especially the area not covered by the 
brachial valve, papillose; a single large di- 
ductor muscle scar is present on the right 
side, inside a calcareous sheath. 

Material—Two nearly perfect pedicle 
valves. A.M.N.H. 27934:2, holotype; 27934 
:1, paratype. 

Discussion.—This species may be recog- 
nized by its thick shell, symmetrical brachial 
valve, moderate size and asymmetrical mus- 
culature. It seems to represent a branch of 
the stock which apparently originated with 
Poikilosakos that has converged with the 
“‘Leptodus’”’ group in its external mor- 
phology. The species is found in association 
with symmetrically muscled, ‘‘Leptodus”’ 
forms of several types, but no other asym- 
metrically muscled species are found in the 
association. P. getawayensis is known only 
from one locality and here it occurs in what 
are believed to be detrital accumulations 
from a small reef which represented an area 
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of firm bottom on an otherwise muddy 
floor. No specimens have yet been foun A 
position of growth; they presumably be. 
cause of their attached habit, grew jn the 
reef or its flanks. All the known epecinen 
came from distinctly detrital deposits shies 
they were found disarticulated. ’ 

Range.—Known only from the lower part 
of the Getaway limestone member of the 
Cherry Canyon formation in the Guadalupe 
Mountains of West Texas. The Specimens 
studied were collected at American My. 
seum of Natural History locality 512 (New. 
ell, et al., 1953, p. 223). 


Genus ADRIANA de Gregorio, 1930 
ADRIANA? GUADALUPENSIS 
Stehli, n. sp. 
Pl. 41, fig. 1,4,6,8 


Diagnosis.—Small, Guadalupian old. 
haminoids. Pedicle valve thin-shelled and 
forming a deep cone, highest at its anterior 
margin; growth initiated as a flat plate on 
the object of attachment; margins genicy. 
lated abruptly upwards as larger size jg 
reached to form the adult cone; ornament 
consisting only of irregular growth wrinkles; 
shell very thin. Pedicle interior with a short 
ridge-like hinge at either side of which isa 
small, striated, triangular area for the ar. 
ticulation of the brachial valve; two diverg. 
ing ridges run forward from the hinge ridge 
and, excluding the articular areas, outline 
the brachial valve; lateral and median 
ridges usually conspicuously double walled; 
median ridge arising a short distance an- 
terior to the hinge; lateral ridges normally 
present and inclined at a low angle to the 
median ridge or sometimes subparallel to it, 
or more rarely scarcely developed; a single 
large diductor muscle scar is present on the 
right side where it is housed in an elongate 
shell-walled trough. Brachial valve pinnate 
and asymmetrical but otherwise unknown. 

Material.—A.M.N.H. 27935; holotype 
A.M.N.H. 27935:1. 

Discussion.—The reference of this species 
to Adriana must be considered, I believe, 
highly doubtful. Because of the inadequacy 
of de Gregorio’s (1930) figures and descrip- 
tion, it is thought better to make a tentative 
assignment to Adriana, rather than to pro- 
pose a new generic category which may be 
synonymous. 
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sculature of this species is similar 

pu Poikilosakos as described by Wat- 
. (1917). That author believed that the 
- right muscle served an adductor func- 
large The specimens of Adriana? guadalu- 
we examined in this study exhibit an ex- 
one calcareous sheath about this muscle 
which reaches almost to the position of the 
cardinal process. This is interpreted here to 


mean that the muscle served a diductor 


function. a a 

Adriana? guadalupensts 1s known only 
rom the Pinery limestone member of the 
Bell Canyon formation where it occurs in 
what are believed to be turbidity current 
deposits (Am. Mus. Nat. Hist. loc. 635). 
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A REVISION OF FENESTELLA SUBANTIQUA AND RELATE) 
SILURIAN FENESTELLIDS 


MAXIM K. ELIAS 
University of Nebraska 





ABstRACT—A revised description of the genotype of Fenestella Lonsdale, F. sy}. 
antiqua d’Orbigny, is based on a study of topotypes, one of which is designated 
neoholotype. The species F. capillosa Potta and F. patula McCoy are considered 
junior synonyms of F. subantiqua. Restudy of all other known fenestellids from the 
Wenlock Silurian at Dudley, Worcestershire, established the following recognizable 
species: F. lineata Shrubsole [=?F. exilis Potta]; F. rigidula McCoy [=F. dud. 
leyensis Shrubsole]; and F. reticulata Lonsdale [ = F. reteporata Shrubsole, ?Gorgonia 
assimilis Lonsdale]. Two additional species originally referred to Fenestella appear 
to belong in other genera: Semicoscinium milleri (Lonsdale) and Unitrypa prisca 
(Goldfuss) of Lonsdale. Polypora (Polyporella) intermedia (Shrubsole) may be iden- 
tical with Retepora infundibulum Lonsdale. A name is proposed for Nekhoroshev’s 
F. cf. F. assimilis from Central Asia, F. balkhashensis, n. sp. 





INTRODUCTION 


a the pending reinstatement of the 
bryozoan genus Fenestella Lonsdale as 
a nomen conservatum, there has been a re- 
vival of interest in the Silurian F. sub- 
antiqua d’Orbigny [=F. antiqua Lonsdale, 
not Goldfuss] from the Wenlock at Dudley, 
England. In correspondence, Dr. R. S. 
Bassler has emphasized the importance of 
preserving this species as genotype of 
Fenestella. However, Ulrich’s (1890, p. 395) 
recommendation of F. plebeia (McCoy) as 
an “accepted type” has been followed by 
most students. Therefore, Condra & Elias 
(1941a, p. 565; 1941b, p. 339; and 1944, p. 
19) requested the International Commission 
on Zoological Nomenclature to approve the 
“accepted type,”’ but now withdraw the re- 
quest. In Bassler’s opinion, an important 
consideration in favor of F. subantiqua, as 
genotype, is the existence of well preserved 
topotypes to serve for precise redefinition. 
Availability of this material removes the 
chief obstacle cited by Condra & Elias. Ac- 
ceptance of F. subantiqua instead of F. 
plebeia as genotype has little effect on the 
relationships of the taxon. Both species 
have rhythmically spaced dissepiments and 
thus differ from Fenestrellina d’Orbigny, in 
which the dissepiments are irregularly 
spaced. Bassler (1953, p. 120, 122) now re- 
gards both Fenestella and Fenestrellina as 
distinct and valid genera, and this concept 
should receive universal approval. 

A trip to Europe in 1951 provided me 


with an opportunity to investigate the pres- 
ent status of the problem of F. subantiqua 
in England. Through agreement with Dr. 
R. S. Bassler and Dr. Helen Duncan | hag 
taken with me to England the best speci- 
mens of the species at the National Museum 
identified by Dr. Bassler, as well as a set of 
preparations of the obverse and thin sec. 
tions made by Dr. Duncan. A comparative 
study of Silurian species of Fenestella was 
conducted during this stay in England, and 
subsequently in America. It will suffice to 
state here, that among the materials studied 
in the British Museum (Natural History), 
the British Geological Survey and Museum, 
the Hunterian Museum at Glasgow Uni- 
versity, and the Kelvingrove Museum at 
Glasgow, I have been able to find only one 
well preserved specimen of F. subantiqua 
from Dudley in which the obverse is ex- 
posed and which is sufficiently large for the 
purpose of redescription of the species. This 
specimen was donated in 1882 to the Hur- 
terian Museum by G. W. Shrubsole; though 
identified by him as_ Fenestella lineata 
Shrubsole, it differs specifically from the 
latter species. 

It is important to take into account the 
fact that more than one species of Fenestella 
occurs in the Wenlock shale, and that some 
of these species resemble Fenestella sub- 
antiqua. The analyses of Fenestella by 
d’Orbigny (1852), McCoy (1954), Shrub- 
sole (1880), and Nekhoroshev (19292) 
make it clear that Lonsdale, author of the 
genus Fenestella, held a much broader view 
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of the species F. antiqua Goldfuss than his 
contemporaries d’Orbigny and McCoy, and 
that now generally held. Thus, when d’Or- 
bigny renamed Lonsdale’s form F. subanti- 
qua, this name was applied only to the ma- 
terial from the Wenlock at Dudley. As now 
understood, the name is applicable only to 
the particular specimen originally illustrated 
by Lonsdale in 1839. However, while it is 
agreed by the critics that at least two dif- 
ferent species were included in Lonsdale s 
“FR, antiqua’”’ there has been no unanimity 
about the total number of species of Fenes- 
ulla which should be recognized in the Wen- 
lock at Dudley. = 
In 1929 (p. 115-117) Nekhoroshev criti- 
cized Shrubsole’s (1880) rejection of all spe- 
cies of Fenestella originally described by 
Lonsdale because of inadequate descriptions 
and obscure illustrations. The author pro- 
posed that the new species introduced by 
Shrubsole in place of Lonsdale’s names 
should all be reduced to junior synonyms. 
However, Shrubsole’s Fenestella lineata is 
not conspecific with McCoy’s F. rigidula as 
Nekhoroshev thought (1929a, p. 117), and 
Fenestella reteporata Shrubsole is referable to 
F. reticulata Lonsdale rather than to Gor- 
gonia assimilis Lonsdale, as Nekhoroshev 
concluded (1929a, p. 117). Nekhoroshev is 
possibly right in referring G. assimilis to 
Fenestella, for only the reverse of this spe- 
cies was illustrated by Lonsdale. 
Unfortunately, no one has made a thor- 
ough revision and redescription of species 
of Fenestella from the Wenlock. McCoy, 
Shrubsole and Nekhoroshev have each de- 
scribed some species and discussed the 
others. Also, no photographs of these 
Wenlockian species have ever been pub- 
lished. The Fenestella material from Dudley, 
though well preserved structurally, is nearly 
all fragmentary, and mostly with the re- 
verse exposed. These facts make the task of 
critical comparison of related species more 
dificult than if zoaria were available in 
larger fragments with the obverse exposed. 
An attempt is made, here, to review the 
status of all species of Fenestella from Dud- 
ley, with particular emphasis on F. sub- 
antiqua and the species nearest to it, such 
as F. rigidula and F. lineata from the Wen- 
lock. The material from the U. S. National 
Museum and from the Hunterian Museum 
is described in detail. In the descriptive 
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text, the quantitative data characteristic of 
the species are summarized in the form of 
meshwork formulae, a method worked out for 
fenestrate Cryptostomata by Nikiforova 
& Nekhoroshev, and followed by Condra 
& Elias (1944). These formulae employ four 
fundamental numbers: number of branches 
and fenestrules per 10 mm., and zooecia and 
carinal nodes per 5 mm. The four numbers 
are separated from each other by inclined 
lines. Between the second and third are a 
pair of lines to separate the left numbers, 
counted per 10 mm., from the right, counted 
per 5 mm. Each of the four numbers may 
incorporate range of variability, if such is 
established. Thus, the following meshwork 
formula indicates the measured characters 
for Fenestella subantiqua d’Orbigny. 


16-19 / 9.5-10.5 // 25-26 / abt. 25-26. 


Fenestella is quantitatively the largest 
genus among all bryozoans, fossil and living, 
and more than four hundred species are 
known. These species make a fairly compact 
group, differing from each other only in 
size, details of inner structure, and outer 
sculpture. As long as Fenestella plebeia Mc- 
Coy was used as “‘accepted type” of Fenes- 
tella, there was no danger of over-expansion 
of generic contents. When application of the 
Rules resulted in substitution of the generic 
name Fenestrellina d’Orbigny, the concept 
of the genus also changed. The type of 
d’Orbigny’s genus has irregularly spaced 
dissepiments and irregularly shaped fenes- 
trules, whereas in Fenestella Lonsdale these 
elements are regularly spaced and shaped. 
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SYSTEMATIC DESCRIPTIONS 
Genus FENESTELLA Lonsdale, 1839 


Among the original four species assigned 
by Lonsdale to Fenestella, only two, ‘‘F. an- 
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» renamed by d’Orbigny F. subantiqua, 
and r. reticulata are now retained in the 
ys. F. milleri was transferred to Semi- 
nium (Nekhoroshev, 1929a, p. 116; 
p. 583-584), and F. prisca to Unitry- 
Nekhoroshev, 1929a, p. 115-116; 1929b, 
583); both latter genera were introduced 
yent to Lonsdale’s work and consti- 
asystematic breaking up of the compre- 
ive genus Fenestella. _ 
On the other hand, additional species of 
‘al Fenestella from the Silurian of Dud- 
were described by McCoy (1854) and 
bsole (1880), and some of these ap- 
h F. subantiqua closely. These are F. 
McCoy, which is here considered a 
bable initial part of a zoarium of F. sub- 
iqua; and F. lineata Shrubsole, which 
ei from F. subantiqua by having a sub- 
stantially larger number of fenestrules per 
given space, and by a smaller number of 
oth per each fenestrule. Nekhoroshev’s 
1929a, p. 117) suggestion that F. lineata is 
ntical with F. rigidula McCoy is here re- 
jected because of the great difference in the 
‘spacing of their branches and dissepiments. 
Altogether only four species from Dudley 
seem to be reasonably well established, two 
of which, F. subantiqua and F. lineata, 
though in many respects similar, differ suf- 
ficiently in spacing of branches and fenes- 
trules for specific differentiation from each 
other. They are described and discussed, 
and new data on them are given. 





















_ 
a 


FENESTELLA SUBANTIQUA d’Orbigny 
Pl. 43, fig. 1-9; Text-fig. 1-A,B 
Fenestella antigua LONSDALE, 1839, in Murchison, 


Silurian System, part II, p. 678, pl. 15, fig. 
16,16a. 
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Fenestella subantiqua D’ORBIGNY, 1852, Prodrome 
de paléontologie stratigraphique, p. 180. 

Fenestella subantiqua McCoy, 1854, Systematic 
description of the British Paleozoic fossils . . . , 
p. 50-51. 

Fenestella patula McCoy, 1854, ibid., p. 50, pl. 
1-c, fig. 20 (also McCoy, 1850, Ann. Mag. 
Nat. Hist., 2nd Ser., vol. 6, p. 288). 

= — Murcaison, 1854, Siluria, 

?Fenestella capillosa Potts, 1894, In Barrande's 
Systéme Silurien du Centre de la Bohéme, p. 
61, pl. 12, figs. 1-3a. 

Fenestella from the Wenlock at Dudley, [part] 
NEKHOROSHEV, 1929, Bull. Com. Geol., vol. 48, 
p. 115-118 (Silurian Bryozoa). 

Fenestella subantiqua ConpRa & E tas, 1944, 
Geol. Soc. Am. Spec. Paper 53, p. 18. 
Depositories—Location of the holotype 

illustrated by Lonsdale (1839, pl. 15, fig. 16, 
16a) is unknown. The selected neotype is at 
the University of Glasgow, Scotland, Hun- 
terian Museum collection No. D-229. IIlus- 
trated topotypes (PI. 43, fig. 5-9), U. S. Na- 
tional Museum No. 113175a and 113175b. 

Procedures.—In the brief statement by 
Lonsdale about his “‘ Fenestella (?) antiqua,” 
there is nothing about spacing of the 
branches, dissepiments, or zooecia, data 
which now serve to differentiate the various 
species of Fenestella. Only his sketch can be 
used, with some caution, as a guide in under- 
standing what this species is, and how to 
distinguish it from other species of the genus 
in the material from Dudley. 

Some Dudley material was selected that 
seemed to be nearest to the small fragmen- 
tary specimen originally illustrated by 
Lonsdale. First with Dr. Duncan at the 
U. S. National Museum, and at a later date 
with Mr. Terence Miller at Cambridge 
University, it was agreed that the number 
of zooecia in fenestrules as shown by Lons- 









spectively. 
20, X1; and fig. 21, 12. 





X1; 19a, X30. 
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EXPLANATION OF TEXT-FIG. 1 


A,B, Fenestella subantiqua d'Orbigny from the Wenlock Is., Dudley. Holotype enlarged two times 
from the illustrations by Lonsdale, 1839, pl. 15, fig. 16,16a. 
C-E, Fenestella subantiqua? from the Silurian of Bohemia. After Potta, 1894, pl. 12, fig. 1,2,2a, re- 


FG, Fenestella patula McCoy from the Wenlock Is., Dudley. Holotype, after McCoy, 1854, pl. Ic, fig. 


HJ, Fenestella lineata Shrubsole from the Wenlock Is., Dudley. Holotype, after Shrubsole, 1880, pl. 
Il, fig. 2,2a; H, is a poor illustration, most of the dissepiments are probably obscured by the 
matrix; J, is the reverse of a fragment from the same zoarium. 

KL, Fenestella lineata (?) from the Silurian of Bohemia. After Poéta, 1894, pl. 13, fig. 2,2a. 

UN, Fenestella rigidula McCoy from the Wenlock Is., Dudley. After McCoy, 1854, pl. 1-c, fig. 19, 


0 Fenestella triserialis Ulrich from the Keokuk (Mississippian) of Kentucky, after Ulrich, 20. 
0, ed (Polyporella) intermedia (Shrubsole) from the Wenlock Is., Dudley. Holotype, after 
rubsole. 
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dale should be considered as the most criti- 
cal character in recognition of the species 
now known as Fenestella subantiqua. Thus 
the material at the U. S. National Museum 
from which Duncan made preparations and 
thin sections, was agreed to resemble F. 
subantiqua satisfactorily enough to serve as 
its topotypes. The material from the collec- 
tion of the Geological Survey and Museum 
under study by Miller of Cambridge Univer- 
sity does not resemble F. subantiqua suff- 
ciently to be identified with it. Apparently 
Miller is not able to find more satisfactory 
material to serve as topotypes for F. sub- 
antiqua in the collections from Dudley stored 
at Cambridge University. 

Recognizable critical characters in Lons- 
dale’s sketch.—In the sketches published in 
1839, and reproduced here enlarged twice 
(Text-fig. 1-A,B), the zooecial apertures 
can be observed and their number per 
fenestrules counted. It varies from about 
53 to 74 in the three rectangular fenestrules 
sketched. This variation seems to reflect, at 
least roughly, the actual uneven spacing of 
the dissepiments (which determine the 
length of fenestrules and number of zooecia 
in them), as the topotypes of F. subantiqua 
here illustrated show a similar uneven spac- 
ing of dissepiments at and near bifurcation. 

Because only two rectangular fenestrules 
in a row are shown, the count of fenestrules 
per 10 mm. cannot be taken with much 
confidence, but an extrapolation of the 
spacing of the dissepiments from what he 
sketches amounts to about 7 fenestrules 
per 10 mm. In an attempt to find a closely 
similar condition in the topotypes of F. 
subantiqua here described, I have found that 
in the distal part of specimen 113175b from 
the U. S. National Museum (PI. 43, fig. 6) 
the successive fenestrules are longest, and 
two of them cover a maximum distance of 
24 millimeters, which, if extrapolated, would 
amount to about 8 fenestrules per 10 mm., 
or slightly more than as shown on the holo- 
type. The count of zooecia per fenestrule 
on the topotype also indicates only 63 per 
fenestrule as a maximum, while 7} is the 
maximum number in Lonsdale’s sketch. 

In view of this discrepancy one may ques- 
tion whether the selected topotypes truly 
belong to the species illustfated by Lonsdale. 
If not, then no specimens from Dudley ex- 
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amined in various collections by Bassler 
Duncan, Miller, and myself are referable ne 
F. subantiqua, and this species myst be ex. 
tremely rare at Dudley. An alternative 
would be to admit that the selected topo- 
types are sufficiently close to Lonsdale’s 
sketched fragment to fall within slight in- 
accuracies of his small-scale sketch made 
from a fragment and then lithographed 
Professor T. Neville George writes me. 
‘Surely, as extrapolation has been made, the 
discrepancy is of no account—note the dif- 
ference in size of the two fenestrules (left 
hand side) of Lonsdale’s figure.” Thus it 
seems that the species F. subantiqua may be 
now accepted in its revised concept based 
on these topotypes, pending the remote pos- 
sibility that Lonsdale’s illustrated type may 
yet be found. 

McCoy's description.—Neither Shrubsole 
(1880) nor Nekhoroshev (1929), who at- 
tempted to revise Lonsdale’s (1839) and 
McCoy’s (1850, 1854) species of Fenestella 
from Dudley, attempts to redescribe F. an- 
tiqua from that locality, but McCoy (1954) 
measured and redescribed it on material 
from another Silurian locality in Britain, 

McCoy’s work was of comparatively high 
quality. His data on this species seem to 
furnish important corroborative evidence 
for its differentiation from other Silurian 
species of Fenestella. McCoy characterizes 
it as follows (1854, p. 50): 

“Sp. Ch.—Corallum formed by very 
slender, straight interstices [branches], seven 
or eight in two lines [16-18 per 10 mm.], sel- 
dom bifurcating; dissepiments rather thick, 
very regularly placed at about half a line 
apart; fenestrules rectangular, oblong, about 
three times longer than wide, rather more 
than double the width of the interstices; 
pores small with thickened prominent edges 
their own diameter apart, six or seven to 
the length of a fenestrule.” 

In the present understanding of fenestel- 
lid zoaria, McCoy’s statement about “sel- 
dom bifurcating’” branches means merely 
that the fragment or fragments which he 
observed represent the distal part of a 
zoarium. In this portion, as a rule, branches 
bifurcate only rarely, and they run generally 
parallel to subparallel to each other. His re- 
mark that the dissepiments are “placed at 
about half a line apart” is of course an ap- 
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ion of much less accuracy than in a 


roximat 
a per given space, such as McCoy pro- 


s in the description of other species of 
Fenestella. An extrapolation based on his 
statement, the number of dissepiments and 
also of fenestrules would amount to 9-93 


vide 


per 10 mm., which is not far from 10 per 
10 mm., the commonest number of fenes- 
trules in F. subantiqua as here recognized. 
We may also suppose that “‘six or seven” 
zooecia per fenestrule observed by McCoy 
were probably nearer to 6 than to 7, as 6, in 
a few cases 6}, is the common number of 
apertures per fenestrule in the distal part of 
a zoarium of F. subantigua, as here observed 
on the available fragments. Characteristic 
for this (distal) part of zoaria is also more 
nearly regular spacing of the dissepiments 
(except at bifurcations), which means sub- 
equal length of fenestrules, just as McCoy 
observed it on his material. 

It seems clear that the concept of F. sub- 
antiqua by both Lonsdale and McCoy is 
based on distal parts of its zoarium, where 
branches seldom bifurcate. The hesitancy 
of Shrubsole and Nekhoroshev in identify- 
ing F. subantiqua could be explained by an 
apparent lack of distal parts of its zoarium 
in the material at their disposal. 

The changes in meshwork of fenestrate 
aria, particularly that of fan-shaped ones, 
are to be more fully analyzed by Elias & 
Condra in a study of Fenestella and related 
Bryozoa from the Permian of West Texas. 
It will be sufficient to state here briefly that 
the rate of bifurcation in the branches of 
such zoaria, gradually diminishes from the 
initial part outward. In the initial part the 
points of bifurcations are about as frequent 
as connections by dissepiments, but in the 
most distal parts almost no bifurcations oc- 
cur. Moreover, in these parts a branch may 
suddenly terminate and the two neighbor- 
ing branches on either side of it converge at 
once toward each other directly above the 
terminus of the lost branch, until the dis- 
tance between them becomes about the 
same as between the other local branches. 

The spacing of dissepiments is more com- 
plicated, but there is this nearly universal 
tule for all fenestrate zoaria: the spacing of 
the dissepiments is less regular at and about 
the points of bifurcation than elsewhere. In 
terms of fenestrules it means that at and 
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around the points of bifurcations they are 
generally most variable in length, number 
of apertures, width, and general outline. 
When about to bifurcate, a branch at first 
expands, and then diverges into two thinner 
branches within a short distance. Branches 
become more crowded directly above each 
point of bifurcation; and when more than 
one branch bifurcates at the same or nearly 
the same distance from the initial point of a 
zoarium, the effect of crowding of the 
branches becomes more conspicuous. A tend- 
ency toward such simultaneous branching 
seems a specific character in Fenestella. 
Specimen D 229 from the Hunterian Mu- 
seum (Pl. 43, fig. 1-4).—This is a fragment 
from a medial part of a fan-shaped zoarium, 
about 18 mm. long and 8-9 mm. wide, the 
obverse being exposed. Branches straight, 
or gently and uniformly outwardly curving 
in the left two-thirds of the specimen. The 
whole obverse is gently convex longitudinal- 
ly, and less so transversely. Dissepiments 
tend to be lined up horizontally, and are 
more or less uniformly spaced; and yet ex- 
act measurements indicate the following 
slight variation in the number of fenestrules, 
when based on measurement of 3 or 4 suc- 
cessive fenestrules, and extrapolated for 
standard count per 10 mm.: 103 in the basal 
part; 10 in lateral and upper parts; 93 in the 
center of the fragment. The length of fenes- 
trules becomes slightly more irregular at 
and around the points of bifurcation, 
where frequently the neighboring fenestrules 
change the number of the apertures abrupt- 
ly from exactly 4 to exactly 5 per fenestrule, 
symmetrically spaced between the carinate 
dissepiments. Farther away from the points 
of bifurcation more fenestrules have a frac- 
tional number of apertures, and the aper- 
tures which are close to the dissepiments 
frequently crowd the base of the dissepi- 
mental carina. Some fenestrules in which the 
number of apertures is stabilized at five, 
with an aperture at the base of each dissepi- 
ment, occasionally occur away from bifur- 
cations. The few longer fenestrules with 
six apertures each are developed only in 
the central part of the fragment, where 
there are 9} fenestrules per 10 mm.; and 
they are located far from the points of bi- 
furcation. On the other hand some wedge- 
shaped fenestrules directly above bifurca- 
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tion have as many as six apertures on each 
side, but such non-rectangular fenestrules 
are generally not considered when establish- 
ing the characteristic number of apertures 
(or zooecia) per fenestrule in a species. — 

Branches are as wide as, or slightly wider 
than fenestrules, dome-shaped on the ob- 
verse, with lateral slopes averaging about 
45° to their bilateral plane of symmetry, 
with only a slight swelling of the rounded 
crest of the dome to furnish a distinct outer 
carina. This carina is distinctly though fine- 
ly striated, and very small, irregularly 
spaced nodes can be occasionally observed 
upon its crest, their number roughly cor- 
responding to the number of apertures in a 
single row. 

Apertures are circular but some of those 
between dissepiments tend to be longitu- 
dinally elongated. No distinct internal 
notching of peristomes (Young & Young, 
1874, “‘Actinostoma’’) has been observed. 

Thin sections —Tangential thin sections 
(PI. 43, fig. 3) show the internal carina as a 
straight, sharply outlined, but narrow cen- 
tral wall with parallel extinction (crossed 
nicols). Thinner lateral walls, which sepa- 
rate the chambers in each of the two rows, 
are slightly inclined forward at an acute an- 
gle to the inner carina. These walls are 
straight below, structurally independent from 
the carina, and less transparent than it; do 
not extinguish in polarized light; are faintly 
laminated; and their obtuse posterior angle 
with the lateral wall becomes rounded when 
near the obverse. Normally the outline of a 
zooecial chamber is a parallelogram with its 
longitudinal sides the longer, but near some 
dissepiments the chambers become _per- 
ceptibly shorter, nearly rhombic, and ex- 
pand laterally into a dissepiment with an 
outward bulge. The apertures arise exactly 
at this bulge, thus swinging away from their 





321 


regular row, while the shortened zooecial 
chamber remains within it. 

The strongly outlined inner carina merges 
downward with a thin “basal plate,”” which 
gently curves around the bottom of the zo- 
oecial chambers, and upon its reverse arise 
numerous low longitudinal ribs. These inter- 
connected structures make a continuous 
skeletal unit-crystal, indicated by polarized 
light. The longitudinal ribs produce what 
are called “‘striae,’’ usually five or six, on the 
reverse of the branches. The unit-crystal 
system is outwardly encrusted by more or 
less laminated sclerenchyma, which also 
builds the dissepiments. It is penetrated 
transverse to the lamination by crowded 
and somewhat staggered spicules or fila- 
ments. These features are arranged in longi- 
tudinal rows as they start from near the 
crests of the basal ribs, and also frequently 
arise from lower levels of sclerenchyma 
when near axes of dissepiments; but they 
never start from the inside of zooecial cham- 
bers. 

Meshwork formula: 16-19 / 9.5-10.5 // 
25-26 / abt. 25-26; 4 to 6 apertures per 
fenestrule. 

Specimens 113175 from the U. S. Na- 
tional Museum.—Two fragmentary speci- 
mens from Dudley at the U. S. National 
Museum, which are recognized by Bassler 
as F. subantiqua, were originally on a single 
slab. They have now been cut out, and are 
on two smaller slabs labelled 113175a (PI. 
43, fig. 5) and 1131755 (PI. 43, fig. 6). Be- 
cause in both of these fragments the reverse 
is exposed, Miss Duncan separated and 
prepared¥from them four¥portions, and 
mounted, them separately, after exposing 
their obverse (PI. 43, figs. 7,8). She also pre- 
pared two thin sections, one from each of 
the specimens, a (PI. 43, fig. 9) and b. The 
larger specimen a is 28 mm. long and was 





EXPLANATION OF TEXT-FiG. 2 
A-D, Fenestella reticulata Lonsdale from the Wenlock Is., Dudley. After Shrubsole, 1880, and D, prob- 


ably about 150. 


EF, Fenestella reticulata Lonsdale? from the Wenlock |s., Dudley. Enlarged two times from Lonsdale, 


1839, pl. 15, fig. 27,27a. 


G-H, Fenestella reticulata Lonsdale. Holotype from the Wenlock Is., Dudley. Enlarged two times from 


Lonsdale. 


J, —_ infundibulum Lonsdale from the Wenlock Is., Dudley. Enlarged two times from Lons- 
e. 
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about 18 mm. wide prior to removal of the 
prepared portions in its left upper area. In 
addition, the upper right area is slightly 
ground down so as to expose some zooecial 
chambers. 

The specimen 113175a (PI. 43, fig. 5) ap- 
parently represents about the middle of a 
fan-shaped zoarium with a moderate num- 
ber of bifurcations. The bifurcations are 
symmetrical and have a tendency to occur 
at nearly the same level, so that, for in- 
stance, eight branches out of sixteen bifur- 
cate within a level of two fenestrules slight- 
ly below the middle of the specimen. This 
results in distinct crowding of branches, so 
that while there are about 20 branches per 
10 mm. below, their number increases to 
25 above the zone of this level of intense 
bifurcation. All branches are straight, and 
diverge from each other fairly rapidly and 
more or less uniformly. There is a slight 
longitudinal folding of the zoarium, so that 
the longitudinally medial part and the left 
edge are depressed, while the intermediate 
longitudinal strip between them (compris- 
ing some 10-12 branches) is gently elevated. 

The dissepiments tend to line up hori- 
zontally. The spacing of fenestrules is most- 
ly 10 per 10 mm., but is reduced to 93 and 
to 9 in the distal part of the specimen, above 
the level of the crowded bifurcations of the 
branches. In the polished surface and in the 
thin sections (all belonging to the distal por- 
tion of the specimen) 5 to 6 zooecia occur per 
fenestrule, and bifurcation of branches rare- 
ly takes place. 

The smaller specimen d is 10 mm. long and 
12 mm. wide. Its branches occasionally bi- 
furcate in the lower half and at the right 
side of its upper half, where they curve 
strongly to the right; but in the center of its 
upper half the branches of the right and left 
sides converge at an acute angle, and a few 
of them terminate abruptly when reaching 
the medial line of the bilaterally symmetrical 
convergence—a_ situation suggesting the 
position of the fragmentary specimen in a 
more or less distal portion of a right side of 
a zoarium. Its fenestrules are spaced 10 per 
10 mm., slightly fewer (93) in the area of 
convergence, and slightly more (103 or 11) 
in the area of strong curvature of the 
branches to the right. The slight erosion of 
this specimen, whose reverse is exposed, 
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makes visible the dimly outlined 20 
oecial chambers beneath the semitranspar. 
ent ‘‘basal plate,” and it is possible to count 
their number per fenestrule. The number 
varies from 4 to 5 in the right side, and even 
reaches 6 in the fenestrules just below a 
point of bifurcation, where the three nearest 
bifurcations take place at about the same 
level. Elsewhere the number of zovecia 
varies from 4 to 53 per fenestrule. The thin 
section 113175a (Pl. 43, fig. 9) shows a 
strong median septum between the rows of 
zooecia with the thinner lateral partitions 
inclined slightly forward, so that the outline 
of the chambers is in the form of a parallelo- 
gram. Usually the chambers are about 13 to 
2 times as long as wide, with a distinct tend. 
ency to become shorter when nearing some 
of the dissepiments. If located exactly at the 
base of a dissepiment, such chambers are 
not only short, but also expand transversely 
into the area of the dissepiment, and termi. 
nate there in a vestibulum, which is jndi- 
cated by a rounded outline. 

Thin section 1131756 cut from the upper 
right side of specimen b shows six zooecia 
per fenestrule, all zooecia being abnormally 
short; they are as wide as long. Their spac- 
ing here is 27-28 per 5 mm., while elsewhere 
it is only 25-26 per 5 mm. 

The laminated sclerenchyma, which en- 
crusts the “basal plate,’’ is penetrated 
transversely by a multitude of spicules or 
filaments 1 to 7u in diameter, rising in sev- 
eral sub-regular rows in the narrow grooves 
between the inner ribs of the reverse of the 
‘basal plate.” At one point of this tangen- 
tial section, where zooecia are traversed at 
the highest level of the apertures, one circu- 
lar aperture shows distinct inner dentitions 
(eight symmetrical dents) like those de- 
scribed and illustrated by Young & Young 
(1874) for ‘‘Actinostoma.”’ It seems that this 
structure is located so high in a vestibulum 
that it is usually eroded. 

Comprehensive diagnosis of Fenestella 
subantiqua.—From the evidence of the topo- 
type material from Dudley in accord with 
data in the literature, the following diag- 
nosis can be formulated. The unusual 
amount of detail is believed important in 
view of the growing tendency toward split- 
ting of the very comprehensive genus 
Fenestella. 
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Joarium in form of fan whose distal part 
is gently longitudinally folded. Branches 
generally as wide as fenestrules, and the de- 
pressed dissepiments generally almost as 
wide as branches; fenestrules are from 13 to 
2 times as high as wide. Dissepiments be- 
tween several neighboring branches fre- 
quently tend to run at about same level, 
but in a few cases are arranged alternately. 
Dissepiments are somewhat carinate on ob- 
verse and their carinae tend to fuse with the 
carinae of the branches, as they rise toward 
the branches from the middle of dissepi- 
ments, below the level of the branches. On 
reverse, branches and dissepiments are at 
about the same level. 

Obverse of branches dome-shaped, with 
apertures only slightly raised above the flat 
lateral slopes, whose junction produces a 
carina. Carina only slightly expanded over 
the crest of the dome, with extremely low, 
somewhat irregularly spaced nodes, about 
as many as there are apertures. Apertures 
with low peristomes, circular to elliptically 
elongated longitudinally, not always regu- 
larly spaced, as they occasionally become 
more crowded when at and near some dis- 
sepiments; their number per fenestrule 
varies from 4 to 6, with some tendency to 
stabilize in exact numbers of 4, 5, or 6, the 
groups separated by the bases of carinate 
dissepiments. On the other hand, in many 
instances apertures assume a position of 
being very near to or at the center of dis- 
sepimental bases, and occasionally even 
tend to invade such dissepiments. However, 
tangential thin sections show no actual 
invasion of dissepiment by any zooecial 
chamber beyond those which follow each 
other side-by-side in the two rows of each 
branch; and the observed tendency of in- 
vasion is the result of deflection of vestibu- 
lum from a position in a row toa more lat- 
eral location in the direction of dissepi- 
ment. In such a case the zooecial chamber 
becomes shorter, but by becoming wider 
preserves its normal inner space. In tangen- 
tial sections most chambers have a shape of 
parallelogram, with longer sides parallel to 
the axis of a branch, and shorter sides for- 
wardly inclined at a moderately sharp 
angle to the straight vertical axial plate. 
However, several chambers in a row may 
become shorter as they become also wider, 
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thus assuming a sub-rhombic to rhombic 
outline; in such chambers the outer side of 
the romb becomes rounded at higher level 
because of the concordant lateral shifting 
of the vestibulum. 

Internally, a zoarium consists of a highly 
ramified skeletal core, which extinguishes 
simultaneously in polarized light. It is 
composed of straight, vertical plates, each 
located along an axis of a branch, and basal 
plates perpendicular to them, each curving 
around the bases of the two rows of zooecial 
chambers. Five or six low parallel ribs rise 
from the lower surface of a curved plate, 
and when exposed on the reverse of a branch 
they make it appear ‘‘striate.”” However, 
they are usually covered by finely laminated 
sclerenchyma, which on the reverse is 
usually about as thick as the height of the 
zooecial chambers underneath. The scle- 
renchyma makes the reverse of branches 
rounded and smooth. Sclerenchyma en- 
velopes the whole zoarium, and is usually 
penetrated by densely spaced transverse 
spicules or filaments. They arise from near 
the crests of the ribs or between them, and 
run more or less perpendicular to lamination 
of the sclerenchyma. Dissepiments have an 
inner core which is somewhat irregular, but 
also extinguishes in polarized light together 
with the core of the branches; it is also sur- 
rounded by sclerenchyma in which may be 
embedded shorter transverse filaments. The 
unit-crystal plate-like core is usually up to 
3 to 6u thick. 

The transverse spicules or filaments vary 
from 1 to 7u in diameter, the larger and 
smaller ones being usually irregularly mixed 
and spaced irregularly, from a distance equal 
to their own diameter, to about 4 or 5 times 
as much apart. When viewed longitudinally 
they are nearly straight, with only minute 
offsets. When near them the filaments tend 
to line up parallel to near ribs, but diverge 
from this arrangement when farther away. 
They occur elsewhere in sclerenchyma, and 
invariably tend to be perpendicular to the 
zoarial surface and to the lamination of the 
sclerenchyma. 

F. patula as a probable basal part of F. 
subantiqua (Text-fig. 1-F,G).—Critical com- 
parison of F. subantiqua with McCoy’s F. 
patula from Dudley tends to indicate that 
the latter is an initial part of an F. subanti- 
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qua zoarium. Both its branches and dis- 
sepiments are carinate, the dissepiments 
are lined up horizontally, and it has 10 to 11 
fenestrules per 10 mm., a very characteristic 
number of fenestrules for F. antigua. Most 
fenestrules in the enlarged figure (Text-fig. 
1-G) of F. patula (McCoy, 1854, pl. 1-C, 
fig. 20a) have 4 to 53 apertures, and where 
only three are shown (right side of the cen- 
tral branch, second fenestrule from below), 
there is a vacant space between these and 
the next apertures, both above and below. 
Such a space would accommodate exactly 
one more aperture, with enough interval 
left on either side of it so as to make a set 
of apertures spaced just like the rest of them 
in the branches of this specimen. In the 
great majority of the thin sections illus- 
trated for various species of Paleozoic 
Fenestella the zooecial chambers are usually 
equal to subequal, and always follow each 
other in a row uninterruptedly, in close 
contact; each has an outlet in the obverse 
called an aperture. However, in F. suban- 
tiqua the zooecia occasionally become 
shorter near the bases of dissepiments. If 
there were no apertures in the vacant spaces 
mentioned, as McCoy’s drawing shows, then 
the chambers underlying the apertures on 
either side of them would have to be elon- 
gated 1} to 2 times as compared with those 
underlying all other apertures shown in this 
specimen; very unlikely in view of the gen- 
eral behavior of zooecial chambers. Hence, 
it seems justifiable to consider that “F. 
patula” actually has 4 to 5} apertures or 
zooecia per fenestrule, some of them per- 
haps obscure and missed in McCoy’s draw- 
ing. 

The specimen is clearly the initial part 
of a fan-shaped (not conical) zoarium. The 
intensity of bifurcation, and the resulting 
smaller number of apertures per fenestrule, 
are typical for initial parts. When this factor 
is taken into account, it is easy to fit the hol- 
otype of F. patula into a zoarium of F. sub- 
antiqua. 

FENESTELLA LINEATA Shrubsole 
Pl. 43, fig. 5 (left side), 10; Text-fig. 1-H,J 
Fenestella lineata SHRUBSOLE, 1880, Quart. Jour- 
a ag London, vol. 36, p. 249-250; pl. 11, 
. 2,2a. : 
? Satahilie exilis Po€ta, 1894, in Barrande Sys- 
téme Silurien du Centre de la Bohéme, p. 
62-63; pl. 13, fig. 1-7. 
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Shrubsole’s material (Text-fig. 1-] J) 
The original description of this species is as 
follows, Shrubsole, 1880, p. 249: “Sp. char 
Polyzoary, base strong, cylindrical or ¢opj- 
cal, attachment solid; growth, rapidly open- 
ing outwards, forming wide funnel-shaped 
expansion, folded or plaited on their outer 
margins. Five or six inches in diameter 
Interstices [branches] on the poriferous 
face, keeled, rounded when perfect, often 
angular from erosion; reverse, finely striated 
longitudinally. Ten interstices [branches] in 
the space of two lines transversely. Keel 
fine, straight, with slight prominences; as 
seen when freshly or partially weathered 
out, it appears as a series of very regular and 
parallel lines, suggestive of its specific name. 
Dissepiments on pore-side thin, recessed, 
often expanding at the junction with the 
interstices [branches]; seven dissepiments 
in the space of two lines longitudinally, 
Pores placed on the outer surface of the 
polyzoarium, small, round, prominent, own 
diameter apart, one or two between dis- 
sepiments, and one in each angle formed by 
junction of dissepiments with interstice 
[branch]; latter feature not always persis- 
tent, in which case there are three or four 
pores between dissepiments. Fenestrules on 
the reverse face oblong, becoming oval 
towards the base of the polyzoarium.” 

The most characteristic features of this 
form, as based on the just quoted descrip- 
tion and illustrations by Shrubsole, may be 
formulated as follows: 

Zoarium funnel-shaped, rapidly expand- 
ing, with apertures facing outwards; 
branches 20 to 24 per 10 mm., zooecia 25 to 
30 per 5 mm.; carina thin, with very small 
nodes; dissepiments thin, carinate (Shrub- 
sole’s fig. 2), depressed on obverse, flush 
with branches on reverse (Shrubsole’s fig. 
2a); apertures circular, their own diameter 
apart, apparently about 33 per fenestrule, 
tending to be stabilized in threes or fours 
between the bases of the dissepiments, but 
occasionally occupying the latter, in which 
case there may be up to nearly five apertures 
per fenestrule; reverse of branches striate. 

Specimen 113175a from the U. S. National 
Museum (Pl. 43, fig. 5,10).—This is a small 
fragment on a slab from Dudley next toa 
much larger fragment of F. subantiqua. This 
fragment of F. lineata is 8 mm. long and 4 
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mm. wide, with obverse exposed. Three 
pifurcations are developed, indicating a 
more or less proximal position of this frag- 
ment in a zoarium, but certainly not at its 
very base. Branches are carinate, the carinae 
covered with delicate striae clearly seen on 
their slightly etched surface; there are also 
very gentle elevations upon the carina 
which are about as numerous as the aper- 
tures in an adjacent row. Dissepiments 
average about 2 the width of the branches, 
depressed on the obverse, distinctly cari- 
nate; apertures circular, their own diameter 
apart, with thin, slightly raised peristomes, 
which are notched on the inside so as to 
produce an outline of an eight-rayed star; 
apertures tend to stabilize in fours between 
the bases of the carinate dissepiments, but 
occasionally depart from this arrangment, so 
that one aperture occasionally occupies the 
base of a dissepiment, in which case the 
number of apertures usually becomes 43 
per fenestrule. Branches from 18 to 22 per 
10 mm., fenestrules from 12 to 13 per 10 
mm., and apertures 26 to 27 per 5 mm. 
Zooecial chamber has the outline of a paral- 
lelogram, with the long sides along a branch, 
and the short sides distally inclined to the 
inward prolongation of the straight carina. 
The measured number of fenestrules, 12 to 
13 per 10 mm., is smaller than described by 
Shrubsole (16 per 10 mm.), or as can be 
measured on his Pl. 11, fig. 2a (15 per 10 
mm.). However, this difference may be in 
part the result of different positions of the 
measured portions in a zoarium. Thus, in 
Shrubsole’s illustrated detail, on which he 
apparently measured the spacing of the 
dissepiments (dissepiments are scarcely 
visible on this detail of the obverse), there 
are only a few bifurcations and these are at 
nearly the same level in the three neighbor- 
ing branches. In the fragment described 
here, there are three bifurcations which are 
rather scattered, though in the neighboring 
branches the bifurcations are only one 
fenestrule apart longitudinally. 

Revised characteristics—The number of 
fenestrules per 10 mm. is 15 on Shrubsole’s 
Pl. 11, fig. 2a; and the approximate number 
of apertures per 10 mm. is 523, nearly the 
same as in the described topotype. Summa- 
tized formula, based on this and on the new 
example, is 18-24/12-15//26-27/25-27 (of 
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very small elevations). The number of 
apertures varies from 3 to 4} (possibly 5) 
per fenestrule. 

Comparison with F. subantiqua.—The 
species, thus characterized, differs from F. 
subantiqua in the smaller number of aper- 
tures per fenestrule, and a larger number of 
fenestrules: in the latter species, as de- 
scribed above, there are 10 to 103 fenestrules 
per 10 mm., with the number of apertures 
varying from 4 to 6} (possibly to 7) per 
fenestrule. The number of branches is also 
smaller in F. subantiqua, where there are 16 
to 19 per 10 mm. The fragmentary speci- 
mens of F. lineata and F. subantiqua in the 
collections at Hunterian Museum and the 
two specimens from the Geological Survey 
and Museum lent to Terence Miller of Cam- 
bridge seem to belong to F. lineata. 

Further differences between the two 
species seem to lie also in their zoarial 
growth: Shrubsole describes that of F. 
lineata as wide funnel-shaped expansion, 
while the zoarium of F. subantiqua is here 
deduced to be fan-shaped. 

In all other morphologic and anatomic 
respects the two species are similar, which 
apparently indicates their close affinity. 
F. lineata approaches F. antiqua of the 
Devonian and F. plebeia of the Lower 
Carboniferous in the number of zooecia 
per fenestrule and in general zoarial aspect. 
The similarities between the four mentioned 
species of different ages apparently caused 
difficulties in their differentiation in the 
past. Even now it may perhaps be ques- 
tioned whether F. lineata should not be 
considered a mere variation of F. subantigua, 
with shorter fenestrules. It would seem 
justifiable to say that in view of the un- 
doubted affinity of the two species, their 
evolutionary differentiation probably 
started only slightly earlier than Wen- 
lockian time. From a stratigraphic point of 
view, F. subantigua in an emended or re- 
stricted sense, is perhaps a better index 
fossil of the Wenlock than F. lineata; the 
latter form continued to live into later time, 
and probably evolved into F. antigua of the 
Devonian. 

Bohemian species.——The validity of the 
differentiation of F. subantiqua from F. 
lineata finds support in Poéta’s similar 
differentiation of two species of Fenestella 
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in the Silurian of Bohemia. Poéta described 
in 1894 a large number of new species of 
Fenestella, with no attempt to compare 
them with others previously established in 
the Silurian and other Paleozoic systems in 
other regions of the world; hence it is not 
surprising to find that a few of his species 
are identical with those from elsewhere. 
What seems most significant, however, is 
that two of his species: F. capillosa and F. 
exilis are differentiated from each other on 
about the same grounds as F. subantiqua 
is differentiated from F. lineata. When 
measuring and counting various zoarial 
characters on Poéta’s drawings the following 
formulae for the meshwork of his two species 
are obtained: 


F. capillosa:14—15/9.5—11//22—28/none? 
F. exilis: 15—-20/12-13//22-25/none? 


The correspondence of the number of 
fenestrules and zooecia per given space in 
these species, and in F. subantiqua and F. 
lineata respectively, is as close as one could 
possibily expect, considering obvious inac- 
curacies in the sketched illustrations. In 
the enlarged details, which may be expected 
to be somewhat more accurate, the number 
of apertures is shown to be from 4} to 7 per 
fenestrule in F. capillosa, and from 3 to 43 
per fenestrule in F. exilis, corresponding 
even more closely to the two British species. 
Furthermore, the detailed sketch of F. capil- 
losa (Text-fig. 1-E) shows some apertures 
much displaced from their normal position 
by the carina of the branches; so much so 
that the dissepiments could be easily under- 
stood to carry these zooecia—a diagnostic 
character tending to place the species in 
Septopora instead of Fenestella. However, 
these dissepiments are shown strongly 
carinate, just as they are in F. subantiqua, 
which makes them quite unlike any known 
species of Septopora. Indeed, the apertures 
in F. subantiqua and F. lineata also en- 
croach along the basal parts of the dissepi- 
ments. In addition, thin sections demon- 
strate the zooecial chambers remain wholly 
within the row of the chambers which fill 
the axial part of the branches and not a 
single zooecium actually occupies the basal 
part of a dissepiment. It seems permissible 
to entertain some doubt whether Poéta 
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meant to show these apertures so much out 
of line, or exaggerated the way that they 
tend to encroach upon the dissepiments, 

Discounting this and other slight jnac. 
curacies in Poéta’s drawings, the morphol. 
ogy of his species seems to be much the 
same as in the two corresponding British 
Silurian species. Thus, in the enlargement 
of F. capillosa (Po€tta, 1894, pl. 12, fig. 2a) 
the branches are shown carinate, and so are 
the dissepiments, but the latter are shown 
somewhat depressed; dissepiments are nar- 
rower than branches; apertures are circular 
and their own diameter apart; and reverse 
of branches, which are exfoliated in the right 
part of the illustrated details, is striate, the 
striations shown as impressions in the ma- 
trix. The impressions of the exfoliated dis- 
sepiments too are shown striated, but with 
the striae parallel to those of the branches— 
an obvious error of the sketch. This error js 
not repeated, however, on another enlarged 
detail (Poéta, 1894, pl. 12, fig. 3a) of the 
same species, which illustrates the reverse, 
and in which the branches are longitudinally 
striated, and the thin dissepiments are 
shown with a single line along their middle. 

It seems that the spacing of the branches 
in both species of Poéta is appreciably wider 
than in the two species from the Wenlock, 
respectively. Because of this difference their 
identity with the species from the Wenlock 
is considered somewhat uncertain. 

A complete zoarium of F. capillosa is 
certaintly not a funnel, but a conically 
curved and folded fan, with large lateral 
festoons (Poéta’s pl. 12, fig. 1,2). However, 
fig. 3 on the same plate shows what could 
be a small and wide cone. 

The zoaria of F. exilis (Poéta, 1894, pl. 
13, fig. 1,3), which are smaller than in F. 
capillosa, are shown as unruptured, rapidly 
expanding funnels, folded on the periphery. 
His figure reproduced as Text-fig. 1-K, 
shows a similar funnel, but with a distinctly 
lopsided development, accompanied by a 
rupture in the shorter side, and curved edges 
on either side of the rupture. This form 
seems to be transitional toward develop- 
ment of a regular fan with lateral festoons. 
The numerous zoaria of two forms illus- 
trated by Poéta seem to further emphasize 
their close affinity to each other. The 
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ym in F. capillosa is normally a fan 
(just as in F. subantiqua), and F. exilis is 
normally a funnel (as in F. lineata). ; 
Fenestella antiqua and Fenestella plebera.— 
Much confusion exists regarding fenestellids 
which at various times became known as 
Fenestella antigua. Goldfuss was in the habit 
of giving the specific name antigua to vari- 
ous Paleozoic fossils whenever he believed 
them to be only specifically different from 
representatives of living genera. rhus, he so 
named inadvertently what is now recog- 
nized as two different species of the same 
fenestellid genus from the Devonian of 
Fifel: one as Retepora antiqua (1826; 1862 
ed. p. 27; pl. 9, fig. 10a, 10b) and the other 
as Gorgonia antiqua (1826, 1862 ed. p. 99; 
pl. 36, fig. 3a, 3b). When Lonsdale ques- 
tionably compared one of his Siliurian fenes- 
tellids with Goldfuss’s ‘‘antiqua’”’ he clearly 
indicated that he meant the ‘“‘Gorgonia an- 
tigua? Goldfuss, Petref. p. 99, Taf. XXXVI, 
f, a. 1826” (Lonsdale, 1837, p. 678). How- 
ever, the other species, Relepora antiqua, 
became involved in a comparative study 
with the fenestellids from the Silurian and 
the Devonian of Britain, since McCoy 
(1854, p. 75) made a reference to ‘‘ Fenestella 
antiqua (Gold. Sp. )”and attributed it to 
“Retepora antiqua Gold. Pet. Germ. T. 36, f. 
3," thus mixing in the quoted reference, the 
name of one form with the illustration of 
another. Whidborne (1895, p. 167) pointed 
out this error by McCoy, and correctly 
reasoned that McCoy actually identified 
his form from the Devonian limestone of 
Plymouth with Goldfuss’s Retepora antiqua 
because he mentioned that both have “‘short 
thick dissepiments,”’ whereas this is not the 
case in Goldfuss’s illustrated Gorgonia an- 
tigua. 

In studying Goldfuss’s collections at 
Bonn, Nekhoroshev (1929, p. 108) con- 
cluded that the type of Retepora antiqua is 
apparently lost. Toots (1951, p. 235-238) 
finds that only the type of Gorgonia antiqua 
is lost, but not that of Retepora antiqua 
which he redescribes and reillustrates. Toots 
also suggests that the latter should be con- 
sidered as the true Fenestella antiqua (Gold- 
fuss); whereas Gorgonia antiqua, also a 
Fenestella, should be considered its homo- 
nym. However, because its type is seemingly 


zoari 
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lost, he suggests postponing its renaming 
until the holotype or a suitable topotype 
is found. 

In all interpretations F. antiqua differs 
from F. subantiqua by its much smaller num- 
ber of zooecia per fenestrule. However, 
Fenestella lineata Shrubsole resembles F. 
antigua so closely that a possible close rela- 
tionship with other Devonian fenestellids 
should be investigated. 

The same suggestion can be made in re- 
gard to Fenestella plebeia from the Car- 
boniferous of Ireland and Britain, which, 
according to McCoy (1854, p. 76), has been 
misidentified by Lonsdale and Phillips with 
Fenestella antiqua. It may be of some interest 
to note that when sectioning several speci- 
mens of undoubted F. plebeia in the Hun- 
terian collection I observed in nearly all of 
them a well developed lower hemiseptum, 
which therefore may be considered as one of 
its critical characters. A similar species, also 
with the lower hemiseptum, has been found 
by me in the upper Mississippian limestones 
of Utah and Montana. 


FENESTELLA RIGIDULA McCoy 
Text-fig. 1-M,N 

Fenestella rigidula, McCoy, 1850, Ann. Mag 
Nat. Hist., 2nd ser., vol. 6, p. 288; , 1854, 
Systematic description of the British Paleozoic 
fossils. .., p. 50, pl. 1-C, fig. 19,19a. 

Fenestella rigidula [part] SHRUBSOLE, 1880, 
Quart. Jour. Geol. Soc. London, vol. 36, p. 
248-249, 

? Fenestella dudleyensis, SHRUBSOLE, 1880, ibid., 


p. 248. 
Fenestella rigidula [part] NEKHOROSHEV, 1929, 


Bull. Com. Géol., Leningrad, vol. 48, p. 117. 

The species was well characterized and 
illustrated by McCoy, but seems to have 
been subsequently misunderstood by both 
Shrubsole and Nekhoroshev. 

McCoy describes it thus: 

“Corallum formed of very slender, ridged, 
straight interstices [branches], branching 
seldom (at distances of about every two 
lines), several interstices often branching at 
the same height, at a very acute angle, about 
ten interstices in the space of two lines; 
mesial keel very strong, with two close rows 
of small alternating pores; fenestrules very 
regular in size, and shape, quadrangular, 
about one third longer than wide, their 
width about equalling that of the interstice, 
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usually three large thick-edged pores to the 
length of a fenestrule, and one larger at the 
end of each dissepiment.”’ 

This description lacks an indication of the 
spacing of dissepiments and fenestrules. 
McCoy, however, indicates the magnifica- 
tion “thirty diameters” for his sketch 19a, 
and it is possible to measure on it the spac- 
ing of the fenestrules, and thus compute 
their number, which is about 30-33 per 10 
mm. A similarly computed number of 
branches on the same sketch is about 27 per 
10 mm., which is close enough to McCoy’s 
statement in the text: “about ten inter- 
stices in the space of two lines,” which 
means about 23-24 branches per 10 mm. If 
there are exactly four zooecia per fenestrule, 
as per McCoy’s sketch and description, 
there will be about 64 of them per 5 mm.; 
and direct measurement of the apertures in 
his sketch 19a also results in 62 to 65 per 5 
mm. Thus the meshwork formula for the 
species would be 23-27/30-33//62-65. 

Shrubsole (1880, p. 248) states that he 
has “not been able to verify’? McCoy’s 
statement about the carina ‘‘with two close 
rows of small alternating pores,’’ and sug- 
gests that these could be remnants of 
“‘prominences,” such as, he states, occur in 
several cases of other species of Fenestella 
described by McCoy and others. He feels, 
however, that the drawings and description 
of this species by McCoy “are so circum- 
stantial that we cannot do otherwise than to 
retain it, notwithstanding the doubts I have 
expressed as to its identity” (Shrubsole, 
1880, p. 249). This seems a wise decision, for 
Shrubsole’s comparison of F. rigidula with 
the much coarser F. patula McCoy shows 
that he did not realize how delicate the 
zoarium of F. rigidula is. This is further 
indicated by the fact that he erected “‘pro- 
visionally” a new species of Fenestella from 
Dudley under name Fenestella dudleyensts, 
claiming that it ‘tis much smaller than any 
Fenestella | have yet met with from either 
Carboniferous or Silurian formations” 
(ibid., p. 248), as “it has one hundred and 
twenty five interstices measured trans- 


versely to the inch.” This means 45 branches 
per 10 mm., which is quite near the number 
of branches per 10 mm. when counted just 
above the level of the simultaneous bifurca- 
tion of the many branches in F. rigidula. 
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My contention that F. dudleyensis could be 
McCoy’s F. rigidula is, however, provi 
sional; Shrubsole did not describe jt in 
detail. 

Nekhoroshev suggests, apparently on the 
basis of Shrubsole’s comments that F 
lineata is conspecific with McCoy’s F. rigi- 
dula. In view of the great difference in the 
magnitude of their meshwork, this can 
hardly be so. He remarks that “the only 
difference between Shrubsole’s species and 
that of McCoy consists in the two rows of 
tubercles indicated upon the carina jn 
McCoy’s form, while in Shrubsole’s form 
there is only one row.” Nekhoroshey as. 
sumes that Shrubsole proved that McCoy's 
description of “mesial keel very strong 
with two close rows of small alternating 
pores” is tantamount to a description of a 
carina carrying two rows of eroded nodes; 
but this is not the case. Then Nekhoroshey 
states that ‘‘because I have not seen among 
the numerous Silurian bryozoa in the Brit- 
ish Museum a single specimen of Fenestella 
which would have a double row of nodes 
upon its keel, I suppose that all this is mere 
misconception, possibly based on original 
observation of semi-eroded specimen, when 
remnants of the dense tissue between the 
apertures may create wrong impression of a 
double row of nodes”’ (1929, p. 117, transla- 
tion from Russian). 

It seems, however, that McCoy’s detailed 
description and illustration of F. rigidula 
could have not been made on an eroded 
specimen, as he shows and describes thick 
peristomes around the large apertures, and 
even points out that those located at the 
base of the dissepiments are invariably 
larger than the others. Furthermore, there 
is no need to assume that the double row 
of nodes are developed upon the carina in 
F. rigidula. All that can be seen in McCoy's 
sketch are small circular holes on either side 
of the carina, where they are spaced inter- 
mittently with the apertures. That this 
structural situation is probably correctly 
sketched is borne out by the fact that in 
1890 Ulrich (p. 541-542; pl. 50, fig. 4a) re- 
cords a similar development of small circular 
structures intermittent with the zooecial 
apertures in Fenestella triserialis from the 
Keokuk of Kentucky, reillustrated as Text- 
fig. 1-O. He also writes: ‘‘a very perfect 
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fragment, obtained since the plates were 
jithographed, shows a peculiar feature not 
noticed at that time. At the same time it 
explains the small spots which are shown in 
sections between the cells (PI. 50, fig. 4a). In 
this [additional] specimen a long tubular 
spine extends from the interspace between 
the apertures obliquely outward and up- 
ward. Being very delicate, these spines 
would readily give way to attrition, but 
since | know of its existence, I can detect 
its base in the other specimens.” It seems 
that Ulrich was not aware of McCoy’s 
observation of similar circular lateral struc- 
tures in F. rigidula, and of Shrubsole’s 
(1880, p. 249) suggestions that they are 
bases of spines. In the collection of Bryozoa 
from the Upper Keokuk about 1 mile south 
of Warsaw made by Dr. G. E. Condra and 
myself in 1942, there are small fragments 
seemingly identical with F. triserialis. Small 
circular structures are developed where 
Ulrich shows them, except that they are not 
exactly in line with the apertures but 
slightly closer to the carina; that is, they 
are near the position of the similar struc- 
tures in McCoy’s sketch of F. rigidula. 

Hence it seems that the peculiar develop- 
ment of spines on either side of a carina, in- 
stead of upon or near its crest, is a charac- 
teristic feature in some rare species of 
Fenestella. If so, it would seem proper to 
keepin our record McCoy’s F. rigidula from 
Dudley as he describes and illustrates it. 
Its most characteristic features would be: 
extraordinarily delicate meshwork; com- 
paratively large and heavily rimmed aper- 
tures, which contact each other and are 
stabilized at four per fenestrule; larger aper- 
tures at the base of the dissepiments; and 
a prominent carina on either side of which 
are small circular structures, probably bases 
of eroded Jateral nodes. 


FENESTELLA RETICULATA Lonsdale 
Text-fig. 2-A—2-H 


Fenestella reticulata LONSDALE, 1839, in Murchi- 
son's Silurian System, p. 678, pl. 15, fig. 19,19a. 
Fenestella reteporata SHRUBSOLE, 1880, Quart. 
ae “a Soc., London, vol. 36, p. 249; pl. 
, fig. 1-1c. 
Gorgonia assimilis LONSDALE, 1839, in Murchi- 
son Silurian System, p. 680, pl. 15, fig. 27, 27a. 


Identity of two species, F. reticulata Lons- 
dale and F. reteporata Shrubsole, is based 


329 


on the similarity of the general design and 
dimensions of their meshwork. Also, on the 
peculiar combination of the two methods 
in which their meshes are built; i.e., by 
transverse dissepiments, and by direct lat- 
eral contact of the branches. 

Though the fragment illustrated by Lons- 
dale in detail (Text-fig. 2-G) is small, it 
shows the characteristic design of the mesh- 
work just described. It shows, also, a pecu- 
liar angular flexuosity of the branches. 
Another character common to both species 
is the occasional presence of apertures on 
either side of the carina in some carinate 
dissepiments. The fact that both Lonsdale 
and Shrubsole show these dissepimental 
carinae and the dissepimental apertures 
seems to indicate their undoubted existence. 
These characteristic features are apparently 
not repeated in any other species from Dud- 
ley or in any other known species of Fenes- 
tella. Because of this peculiarity, the species 
may be considered transitional between 
Fenestella and Septopora; the occasional 
lateral contacts of its branches place it close 
to Reteporina (=?Semicoscinium). 

Characteristics of F. reticulata listed by 
Lonsdale are brief (1839, p. 678): “‘Branches 
irregularly anastomosed: foramina large, 
rather distant: reticulation of the inner 
surface similar to that of the external.” 
This analysis indicates that he was cogni- 
zant of the “‘irregular’’ manner in which the 
branches are interconnected. 

Shrubsole characterizes F. reteporata as 
follows (1880, p. 244): ‘“Polyzoary, base 
conical, opening outwards, forming expan- 
sions of considerable size. Interstices 
[branches] obverse, strong, sinuous, keeled, 
rounded, often angular from erosion; re- 
verse, striated longitudinally: four inter- 
stices in the space of two lines transversely. 
Keel strong, rounded. Dissepiments often 
less in size than interstices, recessed, not so 
wide as fenestrules, giving in consequence a 
waved line to the interstice; two dissepi- 
ments in the space of two lines longitudi- 
nally. Pores small, circular, less than their 
diameter apart when not worn down; from 
eight to thirteen pores between dissepi- 
ments. Fenestrules irregular, oblong, nar- 
rower at either end, twice as long as broad.” 
He adds that: “Its ample size, irregular 
habits of growth, and large number of pores 
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between dissepiments are its distinguishing 
features,...” 

The fact that Lonsdale referred to the 
apertures as “large” and ‘‘rather distant” 
in spacing, while Shrubsole describes them 
as “small” and “less than their diameter 
apart when not worn down” should not be 
construed as indicative of an actual differ- 
ence between the two species in these re- 
spects. If the corresponding drawings by 
Lonsdale and Shrubsole are placed side-by- 
side (Text-fig. 2-E and 2-G), no differences 
can be detected in size and spacing of the 
apertures. There is only a difference in 
understanding of what is “large” and 
‘“‘small” in the descriptions by these two 
authors; the undoubted similarities seem to 
be more important. There is also consid- 
erable similarity in the size of various zoarial 
elements. In the two sketches by Lonsdale, 
one can measure about 8 branches per 10 
mm. and 53 fenestrules per 10 mm., while 
there are about 30 apertures per 5 mm.; and 
the number of apertures per fenestrules 
varies from 9 to 16. Shrubsole’s measure- 
ments (recalculated in millimeters) amount 
to 10 branches per 10 mm., 5 fenestrules per 
10 mm., and 20 to 25 apertures per 5 mm.; 
while the apertures number from 8 to 13 
per fenestrule. 

The only difference that can be noted, 
the number of apertures per given space, 
may be partly due to inaccuracy of sketch- 
ing (particularly in those by Lonsdale) and 
partly to an apparent different position in a 
zoarium of the two respective fragments 
illustrated. That by Lonsdale (Text-fig. 
1-P,1-Q) spreads rapidly and its branches 
bifurcate frequently, indicating a position 
ator near the base of a zoarium. Shrubsole’s 
illustrations (Text-fig. 2-A to 2-C) obviously 
belong somewhere in a full grown part of 
the zoarium, where bifurcations are moder- 
ately frequent, while the  sub-parallel 
branches spread out slowly. The greater 
variability in the number of apertures per 
fenestrule in Lonsdale’s, compared with 
Shrubsole’s, specimens harmonizes with the 
greater frequency of the bifurcations in the 
former. 

Meshwork formuia.—Measurements on 
Lonsdale’s sketch result in the following 
meshwork formula: 8/54//abt. 30; while 
Shrubsole’s data may be summarized in the 
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formula: 10/5//20-25. The former is char 
acteristic of the initial part of zoariym ons 
the second of its full grown part. Further 
observations on actual material, which js 
not at my disposal, will undoubtedly resylt 
in more accurate formulae than these. 
Nekhoroshev (1929a, p. 117) expresses 
an opinion that ‘‘Fenestella reteporata Shrub. 
sole is identical with Gorgonia assimilis 
Lonsdale, the only difference consisting in 
the obscurity of Lonsdale’s descriptions: 
but his figure 27 [of G. assimilis] leaves i 
doubt that we are dealing here with the 
genus Fenestella; and in the limestone 
from Dudley, where the forms described by 
Lonsdale and Shrubsole belong, there is 
only one species of Fenestella which has 
such characteristic structure and dimen- 
sions.’’ This conclusion is based on Lonsdale 
and Shrubsole’s illustrations and descrip- 
tions. Those of Lonsdale represent the re- 
verse only, and in the text (p. 680) he says 
that he did not observe ‘‘pores,” that is, 
apertures. His species may be therefore 
referred to Fenestella only provisionally, be- 
cause of the general resemblance of the 
sketch by Lonsdale to F. reteporata Shrub- 
sole. On the other hand the comparatively 
large and well illustrated specimen of Lons- 
dale’s G. assimilis (Text-fig. 2-E,2-F) only 
3 to 33 fenestrules per 10 mm.; 5 fenestrules 
can, be counted per this space in one row 
only, in the left-central part of the drawing. 


POLYPORA (POLYPORELLA) INTERMEDIA 


(Shrubsole) 
Text-fig. 1-P,1-Q 
?Retepora infundibulum LONSDALE, 1839, in 
Murchison’s Silurian System, p. 679; pl. 15, 
fig. 24. 


Fenestella intermedia SHRUBSOLE, 1880, Quart. 
Jour. Geol. Soc. London, vol. 36, p. 250-252; 
pl. 11, fig. 3,3a. 

?Fenestella intermedia=F. infundibulum NeEx- 
HOROSHEV, 1929, Bull. Com. Géol., Leningrad, 
vol. 48, p. 117. 

This Wenlockion species of Polypora is 
discussed here because it was classified with 
Fenestella by Shrubsole, and because of its 
rolein the problem of the taxonomic signif- 
cance of the position of the obverse (“porif- 
erous side”) in cone-shaped zoaria of 
Fenestella. Nekhoroshev (1929a, p. 117) feels 
certain in his identification of Shrufsole’s 
“‘ Fenestella intermedia’’ as Lonsdale’s Rete- 
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6 infundibulum. He writes as follows: 
“Among the material from Dudley only this 
form has a conical zoarium with the outer 
surface non-poriferous [reverse], and _in 
addition only in this form is bifurcation 
retarded, thanks to which cellules arranged 
‘a three rows in a branch are encountered as 
frequently as in two rows.” rhis statement 
is based on his examination of some Dudley 
material at various museums; but it is also 
clear that Nekhoroshev has not examined 
the types of either Lonsdale’s or Shrubsole 
species. : . : — 

Shrubsole’s diagnosis of P. intermedia is 
as follows (1880, p. 250): 

“Polyzoary, extreme base solid and 
strong, somewhat conical in shape, ulti- 
mately forming wide open expansions. In- 
terstices [branches] on the obverse face 
broad, full, and rounded, having for the 
length of two or three fenestrules two rows 
of pores. This is repeated over the expansion. 
The three-row series of pores immediately 
precede the bifurcation of the interstice. 
Reverse, finely striated longitudinally. 
Width [of branches] variable, alternately 
narrow and wide. Dissepiments thin, re- 
cessed, not expanding at junction with 
interstice; six dissepiments in the space of 
two lines longitudinally. Keel thin and fine 
between the two rows of pores; a corre- 
sponding line winding between each line of 
the three-row series of pores. Pores on the 
inside of the polyzoary small, circular, 
prominent, level with the keel, their diam- 
eter apart, three between dissepiments. 
Fenestrules on the poriferous face very nar- 
row, wider on the reverse, nine in the space 
of two lines measured transversely.” 

In an attempt to make a meshwork for- 
mula on the measurements in this diagnosis 
a question arises as to what is meant by 
Shrubsole’s count of “six dissepiments in 
the space of two lines.’’ Were both dissepi- 
ments falling at the opposite ends of two 
lines counted in these six? If so, only five 
fenestrules should be counted per line. In 
order to verify this point, I counted the 
number of fenestrules on the two good draw- 
ings by Shrubsole (1880; pl. 11, fig. 3,3a). I 
have found, however, that both are marked 
in the explanation (p. 254) as magnified 
twelve times. Such a magnification cannot 
be correct for both as fig. 3 is clearly 
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magnified twice as much as fig. 3a. In the 
assumption of 12 times magnification, there 
would be 22 fenestrules per 10 mm. in fig. 3, 
and 11 fenestrules per 10 mm. in fig. 3a. 
The latter number of fenestrules is the same 
as followed from Shrubsole’s count of ‘‘six 
dissepiments in the space of two lines’”’ if 
interpreted to mean 5 fenestrules per two 
lines, that is per 4.33 mm. It follows that 
Shrubsole’s fig. 3a is magnified 12 times, 
while his fig. 3 is magnified only 6 times. 
Counting of branches per given space in 
fig. 3 on this magnification results in 20-21 
per 10 mm., which is also the same as in- 
dicated in Shrubsole’s diagnosis: ‘‘Nine in 
the space of two lines.’’ Accepting the 
magnification of 6 times for fig. 3, the num- 
ber of apertures per 5 mm. would be 17 to 
20. 

Meshwork formula.—These data give the 
following meshwork formula: 20—21/11// 
17-22, with 3} to 33 apertures per fenestrule. 

“Retepora infundibulum’ Lonsdale.— 
Lonsdale’s brief description of this species 
is as follows (1839, p. 679): “‘R. Funnel- 
shaped, branches united in a thick network, 
the interstices being small and variable in 
shape; inner surface [of branches] with two 
vertical rows of pores [apertures]. The ar- 
rangement of the pores is similar to that in 
Fenestella, but on the inner, and not the 
external surface. A very small fragment 
only of the interior has been examined.” 

Lonsdale’s statement that ‘‘the arrange- 
ment of the pores is similar to that in Fenes- 
tella’”” seems to indicate that in the ‘‘very 
small fragment...of the interior...” 
examined by him only branches with two 
rows of apertures were represented; the 
branches with three rows did not happen to 
be present at all, though they could be pres- 
ent elsewhere in the zoarium. This was 
apparently what Nekhoroshev implied when 
he identified R. infundibulum Lonsdale with 
Polypora intermedia Shrubsole. 

Approximately the same number of 
branches and fenestrules per given space, 
can be counted on Lonsdale’s figure (Text- 
fig. 2-G) and as is established for Shrub- 
sole’s species. The possibility cannot be 
ruled out that Lonsdale’s species is 
Fenestella, which only approaches Shrub- 
sole’s Polypora intermedia and has two rows 
of apertures as a rule. The three rows of 
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apertures extend for a short distance below 
some points of bifurcation, only. Species 
with this type of arrangment of apertures 
are well known in the Carboniferous and 
are customarily classified with Fenestella: 
F. rudis Ulrich, F. limitaris Ulrich, F. veneris 
Fisher, and others. In view of this possibil- 
ity, it seems prudent to accept Shrubsole’s 
Polypora (Polyporella) intermiedia as a 
valid species, and to keep _ Lonsdale’s 
Retepora infundibulum in suspense as a 
questionable species whose obverse is in- 
sufficiently known. 


FENESTELLA BALKHASHENSIS Elias, n. sp. 


Fenestella cf. assimilis NEKHOROSHEV, 1933, 
Trans. U. Geol. and Prosp. Service of USSR, 
Fasc. 338, p. 8-9,15; pl. 1, fig. 3, and pl. 3, 
fig. 4. 

Nekhoroshev considered Fenestella as- 
similis Lonsdale to be synonymous with 
Shrubsole’s F. reteporata (1933, p. 8), but 
this view is unacceptable. Also, the form 
from the Silurian of Balkashland, question- 
ably identified as F. assimilis cannot be 
referred to this species. He counted 6 to 9 
fenestrules per 10 mm., and roughly 15 
zooecia per 5 mm.; both counts are sub- 
stantially different from the corresponding 
spacings of the elements in F. reteporata 
and F. assimilis. Thus I consider his form 
a new species, Fenestella balkhashensis, and 
designate as its holotype the single speci- 
men illustrated by Nekhoroshev. 


REFERENCES 


Bass__er, R. S., 1953, Bryozoa (part G, Treatise 
on invertebrate paleontology): xiii, +253 p., 
175 text-fig. 

Conpra, G. E., & Evtas, M. K., 1941a, Fenestella 
Lonsdale and Fenestrellina d’Orbigny: Jour. 
Paleont., vol. 5, p. 565-566. 

——, 1941b, The generic names Fenestella and 
Fenestrellina: Nature, vol. 148, p. 339. 

——, 1944, Study and revision of Archimedes 


(Hall): Geol. Soc. Am., Spec. 

viii +243 pA pl. Pec. Paper 53; 
GoLpFuss, AUGUSTUS, 1826-1833 

Germaniae; Bryozoa, vol. 1, p. aemacta 

8-12. Ed. 2 (used in this work), 1862, Bryooer 

p. 22-39, 81, 94-100; pl. 8-12, 31, 36. 37. 
LonspaLe, W., 1839, Corals, in Murchiso 

Silurian System, part IT: p. 675-694, pl. 15 1G 


bis. 

McCoy, F., 1856, On some new ge 
species of Silurian Radiata in the calloctlan 
the University of Cambridge: Ann. Mag. Nat 
Hist., 2nd Ser., vol. 6, p. 270-290, pe 

, 1854, Systematic description of the British 
Paleozoic fossils . . . in Sedgwick, A synopsis of 
the classification of the British Paleozoic 
rocks. 

Murcuison, R. I., 1854, Siluria. 

NEKHOROSHEYV, B., 1929a. Resultats de l'étude 
des collections de bryozoaires paléozoiques 
dans quelques musées de |’Europe occidentale: 
Bull. Com. Géol., Leningrad, vol. 48, p. 105- 
125 (863-893). 

, 19296. Uber einige im Palaozoicum West. 

Europas bisher unbekannte Bryozoengattun- 

gen aus der Familie der Fenestellidae: Centr 

f. Min. etc., Jahrg. 1929, Abt. B, p. 577-586, 

, 1933, Upper Silurian Bryozoa from eastern 
Balkhashland: Trans. U. Geol. and Prosp. 
Service of USSR, Fasc. 338, 16 p., 3 pl. 
English summary. ' 

p’'ORBIGNY, ALCIDE, 1850-1852, Prodrome de 
Paléontologie stratigraphique.. 

Poéta, PHILIPPE, 1894. Bryozoairies, Hydrozo- 
airies et partie des Anthozoaries. in Barrande, 
Systéme Silurien du Centre de la Bohéme: vol, 
8, tome 1, 21 pl. 

SHRUBSOLE, G. W., 1880, A review and descrip- 
tion of the various species of British Upper 
Silurian Fenestellidae: Quart. Jour. Geol. Soc. 
London, vol. 36, p. 241-254, pl. 11. 

Toots, Herricn, 1951, Uber einige cryptostome 
Bryozoen aus dem Mitteldevon des Rhein- 
ischen Schiefergebirges: N. Jahrb. f. Geol. u. 
Pal., Abh. Bd. 93, p. 233-246, pl. 14, 15. 

Utricu, E. O., 1890, Paleozoic Bryozoa: Geol. 
Survey of Illinois, vol. 8, p. 205-688, pl. 29-78. 

WHIDBorRNE, G. F., 1895, A monograph of the 
Devonian fauna of the south of England, vol. 
2, pt. 4: Palaeontographical Society, vol. 49, 
p. 161-212, pl. 18-24. 

Younc, Joun, & YounG, Joun, 1874, New 
Carboniferous Polyzoa: Quart. Jour. Geol. Soc. 
London, vol. 30, p. 681-683, pl. 40, 41. 














EXPLANATION OF PLATE 43 
All photographs unretouched, except that the rock matrix in the thin sections is blocked out. 


Fic. 1-4—Fenestella subantiqua d’Orbigny from the Wenlock Is., Dudley. Neoholotype, Hunterian 
Collection No. D 229. 1, X1; 2, X10; 3, tangential thin section from the right upper corner 
of No. D 229, 20; 4, cross-section of a branch from the same, X20. 

5-9—Fenestella subantiqua d’Orbigny from the Wenlock Is., Dudley, topotypes. 5,6, U. S. Na- 

P tional Museum 113175a, and 113175b, X2; 7,8, preparation from the upper left corner to 

show the obverse of 113175a, X10 and X20; 9, thin section from the same, X20. 
10—Fenestella lineata Shrubsole from the Wenlock Is., Dudley, topotype. U. S. National Museum 
113175a, X10; in 5, this species is on the same slab with F. subantiqua. 
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PROFUSULINELLA IN WESTERN UTAH 


M. L. THOMPSON & DORIS NADINE ZELLER 
Lawrence, Kansas, and Madison, Wisconsin 





Asstract— Thick Pennsylvanian limestones occur in the Conger Mountains of the 
Confusion Range of western Utah stratigraphically above the dark Mississippian 
shales with ammonoid faunas of Meramecian age. The lower of these limestones 
contains a Millerella fauna and other fossils which suggest Morrowan age. Above 
the probable Morrowan rocks are limestones of Morrowan or lower Derryan age 
with abundant Millerella and Staffella, and above these are limestones with a 
fusulinid fauna of Millerella and Profusulinella regia of lower Derryan age. This 
is the first Profusulinella to be described from western Utah. 





HE first American species of the genus 
T Profusulineila Rauser-Cernoussova & 
Beljaev, 1936, was described in 1935 from 
Pennsylvanian shale of southern Oklahoma 
as Fusulinella fittsi Thompson. A few years 
later the genus was observed through a rela- 
tively thick section of rocks of lower Der- 
ryan age Over a wide area in southern New 
Mexico and western Texas (Thompson, 
1942, 1948) and in central Texas (Thomp- 
son, 1947). At all places so far observed, the 
genus occurs in rocks of Derryan age and 
immediately below primitive faunas of 
Fusulinella. Its stratigraphic range seems 
restricted to this part of the section, it is 
the most primitive of the elongate fusiform 
group of fusulinids, and it is the major 
index fossil of the lower Middle Pennsyl- 
vanian that has been designated as the Zone 
of Profusulinella. 

The broad aspects of Pennsylvanian 
paleogeography seem to indicate that lower 
Pennsylvanian seas were widespread in 
central United States and deposited lime- 
stone and shale of Morrowan age over much 


of central and western Texas, Oklahoma 
southern Kansas, Colorado, western Wyo- 
ming, and eastern Utah, and perhaps south- 
ern New Mexico. Post-Morrowan disturb- 
ances and uplifts, followed by widespread 
erosion, resulted in the removal of parts of 
these marine deposits in many regions. 
However, with the beginning of Middle 
Pennsylvanian time the seas intermittently 
but gradually spread farther and farther by 
overlap into the central United States area. 
The first of these advancing seas contained 
very abundant faunas of the genus Profusu- 
linella, and the presence of this genus is 
important in the interpretation of the 
paleogeographic history of this marine in- 
vasion. It should be pointed out that this 
major invasion of Middle Pennsylvanian 
seas culminated in the widespread Des- 
moinesian rocks which doubtless have the 
most widespread distribution of any of the 
Pennsylvanian. 

We recently studied the Pennsylvanian 
rocks stratigraphically above the dark shales 
with a Meramecian ammonoid fauna ex- 


EXPLANATION OF PLATE 44 


All illustrations on this plate are unretouched photographs, and all are magnified X20. 


Fic. 1-12—Profusulinella regia Thompson. 1-5, Axial sections from Utah; 6, axial section from Bed 
14, Section 15 west of Silver City, New Mexico; 7,8, axial sections of paratypes; 9, axial 
section of the holotype; 10,11, sagittal sections from Utah; and /2, tangential section from 
Utah. / to 5 and 10 and 11 are of specimens 1, 3, 6, 4, 5, 7, and 6, respectively, of measure- 


ment data. 


13—Profusulinella apodacensis Thompson. Axial section of the holotype from the Apodaca forma- 


tion of New Mexico. 


14—Profusulinella spicata Thompson. Axial section of the holotype from the Apodaca formation 


of New Mexico. 
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posed on Wedding Cake Mountain in west- 
ern Utah and found a succession of fusu- 
linids which indicates that the lower lime- 
stone carries a prolific fauna of Muillerella, 
followed in ascending order by faunas of 
Millerella and Staffella, and that in turn by 
faunas of Millerella and abundant Pro- 
fusulinella. Since Profusulinella has proved 
of such value for age determination, the 
occurrence of the genus in western Utah 
seems worthy of special consideration. 

The nearest geographic occurrence* pre- 
viously noted for Profusulinella is in western 
New Mexico where abundant faunas occur 
in the lower Derryan rocks exposed just 
west of Silver City. At this locality Pro- 
fusulinella faunas considered to be of about 
the same age as the Wedding Cake fauna 
occur in a limestone about 87 feet above the 
Mississippian, and more advanced Profusu- 
linella faunas occur above this position at 
Silver City. A similar fauna is found about 
170 feet above the lowest of the Profusu- 
linella P. copiosa Thompson, further east 
in southern New Mexico and western Texas. 
As is to be expected, upper Profusulinella 
faunas are considerably more widespread 
than the lower Profusulinella faunas. It 
seems significant that the Wedding Cake 
Profusulinella is an advanced form of the 
genus. However, the local paleogeography 
is too poorly known to determine directions 
of invasions and overlap, if such can be 
determined in the immediate area of Wed- 
ding Cake Mountain. 

The general lithology of the stratigraphic 
section at Wedding Cake Mountain which 
contains the fusulinids is shown on the ac- 
companying diagrammatic _ illustration 
(Text-fig. 1). For comparative purposes, 
the section exposed above the Mississippian 
limestone west of Silver City and some of 
its fusulinids are shown on the same dia- 
gram. The lower part of the limestone ex- 
posed above the Mississippian shales at 
Wedding Cake Mountain contains mega- 
fossils and fusulinids which suggest that 
they may be Morrowan in age. The next 80 
to 100 feet of limestones carry an abun- 
dant fauna of Millerella and less abundant 


* Since this paper was written, Dott (Am. As- 
soc. Petroleum Geol., Bull., vol. 39, p. 2211-2305, 
1955) reported Profusulinella from several places 
in eastern Nevada. 


Staffella. Although Staffella is generally 
considered of lower Derryan or vag 
age, it is realized that these rocks may be of 
upper Morrowan age or lower Derryan age 
The first abundant larger fusulinids in the 
Pennsylvanian at Wedding Cake Mountain 
are referable to Profusulinella regia Thomp- 
son originally described from the lower 
Derryan of the Hueco Mountains of Texas. 
The highest fusulinid-bearing Pennsylya- 
nian rocks at Wedding Cake Mountain con. 
tain Fusulinella and are overlain uncon. 
formably by Permian Wolfcampian lime. 
stones. 


PROFUSULINELLA REGIA Thompson 
Pl. 44, fig. 1-12 
Profusulinella regia THOMPSON, 1948, Uniy 

Kansas Paleont. Contrib., Protozoa, Art. 1. 

pp. 83-85, pl. 1, fig. 1, pl. 27, fig. 7,8,13, pl 

30, fig. 8-19. 

The shell of Profusulinella regia Thomp- 
son is large and inflated fusiform in shape 
and has bluntly pointed polar ends, convex 
lateral slopes, and a straight axis of coiling. 
Specimens of five to six volutions measure 
2.0 to 3.4 mm. long and 1.1 to 1.5 mm. wide, 
giving form ratios of 1.8 to 2.5 and averag- 
ing 2.0 for five specimens. Our largest speci- 
men is 3.4 mm. long and 1.5 mm. wide, giving 
a form ratio of 2.3. The first volution is 
about spherical in shape and the axial ends 
gradually become extended and the shape 
becomes more and more distinctly fusiform. 
Averages of the form ratios of the first to the 
sixth volution of five specimens are 1.3, 1.6, 
1.7, 1.9, 2.0, and 1.9, respectively. 

The proloculus is small and spherical in 
shape and has an outside diameter of 71 to 
100 microns, averaging 88 microns for seven 
specimens. The chambers are lowest above 
the tunnel, and they increase in height 
rather rapidly toward the polar ends near 
which they become about half again as high 
as above the tunnel. The shell expands about 
uniformly throughout its growth. Averages 
of the height of chambers above the tunnel 
in the first to the sixth volution of seven 
specimens are 43, 60, 85, 124, 181, and 226 
microns, respectively. 

The spirotheca is composed of a tectum 
and upper and lower tectoria. The lower 
tectorium is considerably thinner than the 
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Text-Fic. 1—Diagrammatic illustration of Pennsylvanian rocks of western Utah (A) and 
western New Mexico (B), with some fusulinids. 
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TABLE 1.—MEASUREMENTS OF Profusulinella regia THOMPSON FROM WESTERN Utay 
IN MILLIMETERS . 
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upper, but both are variable in thickness 
across the width of the chambers. 

The septa are moderately widely spaced 
and their spacing increases’ gradually 
throughout the shell. They are almost per- 
fectly plane in the center of the shell 
throughout their heights, but broad fluting 
is developed in the lateral quarters of the 
shell that fail to bring adjacent septa in 
contact except in the extreme polar regions. 
Averages of the septal counts of the first 
to the fifth volution of two specimens are 
8, 11, 14, 16, and 17, respectively. 

The tunnel is broad and has a path that 
is only slightly irregular. It is only about a 
third to a fourth as high as the chambers. 
Averages of the tunnel angles in the third 
to the sixth volution of five specimens are 
30, 37, 49, and 47 degrees, respectively. The 
chomata are small and have steep to over- 
hanging tunnel sides and steep poleward 
slopes. In areas adjacent to the septa they 
extend almost to the top of the the cham- 
bers. 

Remarks.—The specimens from Wedding 
Cake Mountain on which the above de- 
scription is based resemble the holotype and 
paratype specimens of Profusulinella regia 
from Texas in regard to most measurable 
features and in regard to most observable 
features. Of the few differences which can 
be pointed out, the form ratios of the Utah 
specimens become slightly greater toward 
maturity, their chomata are slightly larger, 
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and their proloculi are smaller. These dif- 
ferences are considered regional variations 
and not of specific or subspecific importance. 

Profusulinella regia resembles rather 
closely P. apodacensis Thompson from the 
Apodaca formation of New Mexico. Hovw- 
ever, it is slightly larger for corresponding 
volutions, has a more loosely coiled shell, 
and has much smaller and more narrow 
chomata. The chomata structure and shell 
expansion alone would serve to distinguish 
these species. 

We are illustrating on the accompanying 
diagram (Text-fig. 1) various fusulinids 
from the Wedding Cake Mountain section 
and from the section of the Derryan meas- 
ured west of Silver City, New Mexico. 
The fusulinids from the Silver City section 
are referable to Profusulinella regia, P. 
spicata Thompson, and P. apodacensis, the 
latter two of which were described originally 
from the Apodaca formation of central New 
Mexico. P. regia differs from P. spicata by 
the more inflated and more rapidly expand- 
ing shall, much smaller and more narrow 
chomata, and the more uniformly ellipsoidal 
shell of the former. 

Occurrence.—Profusulinella regia is abun- 
dant in Bed 63 of the section measured on 
Wedding Cake Mountain (Text-fig. 1) at 
the south end of Conger Mountain located 
in the Confusion Range, sec. 15, T. 18.5, 
R. 16 W., Millard County, Utah. The pr- 
mary types of the species are from the upper 
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rt of the Green Canyon group exposed in 
Powwow Canyon in the Hueco Mountains 
of Texas. The species is common about 87 
feet above the base of the Derryan in the 
southeast corner of the NE }, sec. 4, T. 18 
a R. 14 W., 1:3 miles west of the Court 


House in Silver City, Grant County, New 


Mexico. 
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OBSERVATIONS ON THE MORPHOLOGY OF 4STRODAP3]5 


ROBERT E. STEVENSON 
University of Southern California 





ABsTRACT—Although the genus A strodapsis is now generally assigned to the family 
Scutellidae, some of the early primitive forms were at one time questionably as- 
signed to the family Clypeastridae. The internal morphology of specimens of 
Astrodapsis and the spines demonstrate that this genus belongs to the Scutellidae 

The author studied the internal morphology particularly the position of the 
auricles and the character of the internal walls and pillars of some Miocene species 
The structure of the auricles did not seem to be significant but their position was 
quite diagnostic. The presence or absence of internal walls and pillars and their 
structure were found to be of determinative value. Of the external features, the 
spines showed definite family affinities to the Scutellidae. 


INTRODUCTION 


HILE making a systematic study of the 
Echini, I found the morphologic feat- 
ures of some specimens of Astrodapsis to 
establish definitely the scutellid affinities 
of this genus. Many years ago, John C. 
Merriam questionably assigned A strodapsis 
brewerianus Remond, a primitive ancestral 
form, to Clypeaster, and some more recent 
paleontologists have verbally questioned its 
assignment to the family Scutellidae. The 
large suite of Miocene Astrodapsis from the 
Cuyama Valley region of the California 
Coast Ranges, collected largely by Major 
Joseph E. Eaton, permitted the sectioning 
and dissection of numerous specimens for 
study of the internal morphology. On the 
actinal (ventral) surface of a few of these 
specimens the spines are still attached. 
This paper is based largely on a compara- 
tive study of these specimens and others 
belonging to closely related genera. Speci- 
mens of the following species were studied: 
Astrodapsis cuyamanus Kew, A. woodringi 
Eaton and Grant, and Echinarachnius mer- 
riami (Anderson) of Miocene age, A. pel- 
toides Anderson and Martin of Pliocene age, 
and Dendraster excentricus Eschscholtz, 
Clypeaster speciosus Verrill, Encope cali- 
fornica Verrill, and Mellita longifissa Miche- 
lin of the Recent fauna. 


ACKNOWLEDGMENTS 


Suggestions and aid were given by Dr. 
U. S. Grant IV. The author is also indebted 
to Professor W. P. Popenoe, University of 
California at Los Angeles, for his assistance 


during the preparation of this paper, and to 
Major Joseph E. Eaton for making available 
an excellent collection of specimens of 
Astrodapsis. The author wishes to acknovl- 
edge criticism and advice by Professor J. 
Wyatt Durham, Professor W. H. Easton, 
and Mr. Frederick Ziesenhenne. 


SYSTEMATICS 
Family CLYPEASTRIDAE A. Agassiz 


Test moderately high or flattened with a 
distinct petaloid arrangment of the pore 
pairs. Anal opening marginal or infra- 
marginal. Apical system central with five 
genital plates fused into one, and with five 
genopores. On the dorsal surface, the am- 
bulacral plates often reduce the interambu- 
lacrum to a narrow band near the apical 
system. Adradial sutures diverge sharply 
near the end of the petals, the distance de- 
pending on the maturity of the specimen. 
Ambulacral furrows straight, never becom- 
ing ramified; oral surface generally de- 
pressed around the peristome. Spines long 
and thin with a small condyle and base. 
Tubercles small, perforate, and crenulate, 
with deeply incised scrobicles. Internally, 
pillars and walls highly developed; five pairs 
of thin, parallel walls extending from the 
edge of the peristome to approximately one- 
half the distance to the margin. These walls 
very low and approximate in position the 
adradial sutures. Marginal ends of the walls 
terminate in a complexity of pillars, which 
often form an arc-like series across the 
ambulacra. Between the ends of the par- 
allel walls, and the wall of the test, pillars 
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TERTIARY-RECENT ECHINOIDS 


are absent to provide space for the alimen- 
tary canal. Auricles low, separate, arising 
from the aforementioned walls, each being 
placed on a half-ambulacrum. In some 
instances, the auricle plates appear to cover 
a portion of the neighboring interambulac- 
rum (Pl. 45, fig. 4). Aristotle’s lantern sim- 
ple and modified from that of Regular 
Echini, with the jaws articulating on the 
auricles (PI. 45, fig. 5). 


Family SCUTELLIDAE L. Agassiz 


Ventral surface of the test relatively flat’ 
the dorsal surface slightly to moderately 
inflated, sometimes accentuated in the 
apical region. Outline of the test variable, 
ranging from nearly round to oblong, or 
truncated posteriorly, sometimes slightly 
pentagonal. Marginal notches may be pres- 
ent, usually ambulacral in position. (In 
Rotula, notches are also interambulacral.) 
Lunules ambulacral or in interambulacrum 
5. (In Rotula they are in interambulacra 2 
and 3.) Pore-pairs more or less petaloid with 
varying degrees of closure, but in no known 
species do the petals become entirely closed. 
Adradial sutures diverging from the petals 
at varying distances from the margin. Ac- 
tinal ambulacral furrows simple in less 
specialized genera, but in the specialized 
forms furrows become increasingly more 
bifurcated. Spines of the ventral surface 
relatively short compared with the width of 
the base, the latter flaring noticeably from 
the shaft. Dorsal spines with the same base 
and shaft as the ventral spines, but end of 
the spine greatly modified into a spade- 
like form. Tubercles vary in size with the 
spines, relatively small, often crenulate, 
indistinctly perforate. Internally pillars and 
walls highly developed, especially in the 
specialized forms. Primitive forms with two 
walls extending from the peristome to the 
margin on each interambulacrum and, in 
many specimens, continuing up around the 
margin and for a slight distance on the in- 
ternal side of the aboral surface. The walls 
reflect the divergence of the ambulacral 
plates, often showing a reverse petaloid 
structure from that seen on the aboral sur- 
face. Height of the walls variable, apparent- 
lywith no set height within genera, however, 
never extending the full height of the body 
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cavity. In the later forms, these walls ramify 
into a strengthening complex of pillars 
close to the margin. Auricles low, fused 
together and resting on the interambulacra, 
generally close to the peristome (PI. 45, 
fig. 1,3). Aristotle’s lantern specialized, 
extremely flat in some forms, articulating 
directly on the auricles; teeth horizontal 
(Pl. 45, fig. 2). Braces, or rotulae absent. 

Internal morphology.—In this study only 
a few Pliocene specimens preserved on fri- 
able sandstones were available to us and 
none of these could be sacrificed for dissec- 
tion. Consequently, the author was com- 
pelled to use some of the abundant Mio- 
cene specimens, all of which were preserved 
in well consolidated sandstone or siltstone. 
The matrix in the specimens was thus very 
hard, often consisting almost entirely of 
calcite. Selected specimens were ground on 
an emery wheel, beginning on the dorsal 
surface and working downward so that 
any parts of the lantern that might be pre- 
served would remain intact. Also, this 
procedure permitted determination of the 
position of the auricles. On the ventral sur- 
face of some specimens the spines were still 
present in attached position. These were 
extracted from the surrounding matrix and 
studied under a microscope. 

Auricles—In the genus Clypeaster, the 
auricles are on the ambulacral plates. They 
are high, each one approximately at the 
adradial suture, and the two auricles com- 
posing a pair are thus separated by some dis- 
tance. A varying amount of the base of the 
auricle extends over the primordial inter- 
ambulacral plate (Pl. 45, fig. 4). This latter 
variance seems to be an indication of age, 
for in the young of the same species, the 
auricles do not cover as much of the inter- 
ambulacrum as the older specimens. The 
lateral migration of the auricles appears to 
represent an ontogenetic trend which may 
indicate the past evolutionary changes in 
the ancestral line. The end result of the 
trend would be fusion of the auricles on the 
interambulacra (Pl. 45, fig. 3). This, of 
course, is the case in the family Scutellidae. 
It seems probable, therefore, that a split 
occurred in the primordial ancestral stock, 
perhaps in early Eocene, with the clypeas- 
ters remaining somewhat primitive in this. 
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character, and the scutellids carrying on the 
evolutionary trend of complete fusion of the 
auricles situated on the primordial inter- 
ambulacral plates. 

In the family Scutellidae, the auricles 
are fused in an interambulacral position in 
all forms (PI. 45, fig. 1,3,6). They are always 
low and placed at varying distances from 
the peristome. The angle of the pyramids of 
the lantern reflect the low height of the 
auricles, as the angle is always obtuse (PI. 
45, fig. 2,7). In the later forms the auricles, 
although still on the primordial plates, have 
moved back from the peristome further 
accentuating the low lantern angle. The 
auricles of Echinarachnius merriami, Astro- 
dapsis and Dendraster all show the typical 
scutellid form. In the first two, the auricles 
are extremely low and placed directly on 
the edge of the peristome. Between the 
auricles there is a marginal ridge, which 
cannot be called an apophysis as it is ac- 
tually an extension of the basicoronal am- 
bulacral plates in each area. In Echinarach- 
nius merriami the auricles are narrow, 
oblong-shaped and actually appear as mere 
low protuberances at the end of the inter- 
ambulacra. Auricles of Astrodapsis are also 
low, but are broader than those of E. 
merriami, nearly square in shape and more 
sturdy in appearance. They are clearly 
fused along a suture through the center. 
The actual height of the auricles is not 
definitely known. However, the lantern is 
less procumbent in Astrodapsis than in 
Echinarachnius merriami and as the auricles 
in each genus are on the edge of the peri- 
stome, it follows that the auricles of Astro- 
dapsis should be higher. 

In Dendraster the author noted what is 
apparently a progressive evolutionary trend 
in the auricles, as they are removed from 
peristome a short distance on the primordial 
interambulacral plates. Again the auricles 
are connected by a low collar around the 
peristome, and in this case, it is clearly 
seen that the collar is not an apophysis but 
merely an extension of the peristomal mar- 
gins of the ambulacral plates. The removal 
from the peristome, coupled with the low 
height of the auricles, results in (or from) 
an extremely obtuse angle in the pyramids. 
The auricles have bécome much more 
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specialized than those of A strodapsis, being 
thin, delicate protuberances arising from a 
slightly raised interambulacral plate. This 
same specialization is seen to a greater ex. 
tent in Encope and Mellita. 

Internal walls.—The internal walls of 
Astrodapsis show a considerable variation 
from those of Clypeaster. In the latter genus 
as noted previously, the walls radiating from 
the peristome do not extend to the ambitus 
A definitely delineated channelway is left 
clear of pillars and walls to allow room for 
the gut. In Astrodapsis the internal wall 
arrangement is very similar to Echinarachj. 
us merriami although not as pronounced. 
Radiating from the peristome, the walls 
follow the adradial sutures, showing clearly 
the widening of the ambulacral plates to. 
ward the ambitus. The height of the walls 
near the peristome differs with the individ. 
ual specimen probably due to growth 
stages within the individual. However, in 
no specimen studied did the walls extend 
from the ventral to the dorsal surface near 
the peristome. In all specimens the wall rose 
abruptly at a point approximately mid-way 
between the peristome and the ambituys 
and were continuous from dorsal to ventral 
sides outward from this point. Echinarach- 
nius merriami has thin and clearly defined 
internal walls. The walls of Astrodapsis are 
not high near the peristome and do not 
extend the height of the inner chamber ex- 
cept near the margin. They are thick, show 
the same sturdiness seen in the auricles, and 
the positions are the same as those of 
Echinarachnius merriamt. In each of these 
two genera and also in Dendraster, the 
auricles are situated between these sets of 
walls, while the auricles of Clypeaster are on 
the peristomal extensions of the walls. 

We note, then, that the internal mor- 
phology of Astrodapsis resembles closely 
that of Dendraster and Echinarachnius mer- 
riamt. The differences between these three 
genera may be related to their ecology. 
Dendraster lives in sheltered coves and en- 
bayments and in deep water off beaches 
where it is protected from the direct pound- 
ing of ocean waves. The habitat of most 
Astrodapsis of Miocene age is believed to 
have been the open beach, for the sands in 
which we find the fossil forms are those 
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which are generally indicative of consider- 
able turbulence. The exceptions to this gen- 
erality are those forms found in very upper- 
most Miocene sediments and the silts of the 
lower Pliocene. The seas in which these ani- 
mals were living apparently became very 
muddy during this period of time, and pos- 
sibly the thick ambitus and highly raised 

tals reflect an attempt by the genus to 
keep its respiratory mechanism from being 
suffocated with sediment. 

The morphology of the genus appears to 
corroborate other evidence of an open beach 
ecology for, as we have noted, the internal 
structure along with the test is exceedingly 
sturdy. Echinarachnius merriami, despite 
its thinner walls, is very strong for its size 
and for that reason is believed to be more 
of an open beach form than A strodapsis. 
Although the matrix surrounding E. mer- 
riami is often quite fine, it is still coarse 
enough to be open-beach sand. 

Evolutionary trends.—To say, however, 
that the differences of internal morphology 
are entirely allied with ecologic habitats 
would be completely misleading. The vari- 
ations very likely are also an indication of 
evolutionary trends within the Scutellidae. 
Although we are not attempting to place 
the three genera in an evolutionary series, 
tis possible that each genus branched from 
the main scutellid stock and furthermore, 
Astrodapsis may be a descendent of a form 
somewhat similar to Echinarachnius mer- 
riami. However, without further study, we 
are unable to elaborate on this possibility. 
Nevertheless, A strodapsis does appear to be 
an intermediate form between the primitive 
features of Echinarachnius merriami and the 
highly specialized structure of Dendraster. 
The auricles of Echinarachnius merriami are 
low and simple; those of Astrodapsis are 
higher and, if one could be seen in cross- 
section, would probably be more specialized 
in appearance; auricles of Dendraster are, as 
has been shown, highly specialized. The 
radial retreat of the auricles from the per- 
istome probably follows closely the spe- 
calization trend of the plates. Although 
there is indication of movement of the plates 
in Astrodapsis, the auricles of Dendraster 
are always removed a varying distance 
toward the ambitus from the peristome. 
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The distance corresponds to the age and 
size of the specimen, the mature forms hav- 
ing auricles placed approximately } inch 
from the edge of the peristome. Probably 
the greatest movement of the auricle plate 
is realized in Mellita and Encope. 
Corresponding to the apparent trend of 
the auricles is a change in the internal wall 
structure of the three genera. The internal 
supports in Astrodapsis and Echinarachnius 
merriami are simple and sturdy. Although 
those of Astrodapsis are heavier and lower 
than those of Echinarachnius merriami 
there is a slight indication of primitive in- 
ternal pillars in the former genus. The walls 
of Astrodapsis at the ambitus appear, in 
many specimens, to be slightly honey- 
combed. This internal separation of the 
walls is possibly a primitive pillar system. 
The pillars become extremely complicated in 
Dendraster and the walls, so apparent in As- 
trodapsis and Echinarachnius merriami, are 
degenerate and nearly lost, remaining as 
very low ridges which do not reach the mar- 
ginal ends of the internal cavity. Unlike the 
walls in the first two genera, those in Den- 
draster do not follow the adradial suture. 
Spines.—While dissecting several speci- 
mens of Astrodapsis, we were fortunate to 
find numerous well-preserved ventral spines. 
The matrix surrounding the peristome, in 
which they were found, was friable enough 
to allow extractions without harming the 
spines. During the first part of the work on 
the spines, it was believed that a generic 
classification might be accomplished by us- 
ing the spines alone. However, we found 
that the only determination possible would 
be of family affinities. The spines of Echi- 
narachnius, Dendraster and Astrodapsis are 
entirely too similar for generic separation. 
The primary ventral spines of the Cly- 
peastridae are long and thin. The nodes, 
which are in vertical rows, are oblong in 
lateral cross-section and are internal in re- 
spect to the outer surface of the spine. An 
axial cross-section of the spine shows a trans- 
parent portion that is not continuous 
around the entire spine, but is projected by 
each row of nodes. A central plug in the 
spine has a granular crystalline appearance 
and comprises approximately half the vol- 
ume of the spine. The characteristic gradual 
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TExT-F1G. J—Various kinds of echinoid spines, greatly enlarged. A,B, Clypeaster speciosus Verrill 
Recent, Gulf of California; from dorsal and ventral surface. C,D, Dendraster excentricus (Esch. 
scholtz), Recent, southern California; from dorsal and ventral surface. E, Astrodapsis cuyamanus 
Kew, Upper Miocene, Cuyama Valley, Santa Barbara County; from ventral surface. F, Encope 
californica Verrill, Recent, Gulf of California; from ventral surface. G, Mellita longefissa Michelin, 
Recent, Lower California; from ventral surface. H, Merriamaster sp., Upper Pliocene (Pecten 
coalingensis zone), Zapata Creek, Fresno County; from ventral surface. 


flare of the base from the shaft in scutellid 
spines is unlike the abrupt flare in the Cly- 
peastridae, as the base widens from the 
shaft at nearly right angies. The condyle is 
small, both in thickness and diameter (hav- 
ing nearly the same radius as the shaft) and 
its radius remains constant throughout the 
length. In the mature form, the base is of 
greater vertical thickness than the condyle, 
usually in a 2:1 ratio (Text-fig. 1-A,B). 
Spines of the Scutellidae have a greater 
variation, depending on their position on 
the test. The ventral spines have a rather 
typical slender, elongate appearance while 
those of the dorsal surface are greatly modi- 


fied into a spade-like form (Text-fig. 1-C,D) 
This modified spine has only been seen, by 
the writer, from Recent and Pleistocene scu- 
tellids, but there seems to be reason for be- 
lieving that early forms had similar modi- 
fications (Mortensen, 1948). 

The spines of the ventral surface are rela- 
tively short compared to the width of the 
base of the spine, which flares noticeably 
from the shaft. The base is not thick, hav- 
ing a sharp outer edge, and angles back to 
the top of the condyle abruptly. There are, 
of course, variations in the thickness of the 
base within different genera. Astrodapsis 
shows readily the thin base, but the sharp 
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er edge and sweeping flare is not visibly 


oat (Text-fig. 1-E). It is possible that 


during fossilization, the spine has become 


compressed and these features are not pre- 
served to the best advantage (See Plate 45). 
Taken as a whole, the overall appearance of 
the bases is quite stable. The condyle of the 
scutellids is generally cone-shaped with the 
greater diameter at the top. The diameter of 
the condyle is usually less than the diameter 
of the shaft, although in Astrodapsis the dif- 
ference is very slight. In the primitive 
forms, the diameter of the condyle does not 
vary as greatly within the individual as in 
the Recent species, the cone-shaped appear- 
ance being very slight. Merriamaster (Text- 
fig. 1-H) has similar features. 

The shaft of the spine shows the most 
striking feature of scutellid spines. Although 
it consists of nodes similar to those seen in 
the Clypeastridae, the nodes are not sur- 
rounded by an extremely transparent cover- 
ing. The nodes comprise the outer surface 
and, thus, a vertical cross-section shows a 
knobby appearance similar to an ear of corn. 
The nodes range from a definitely rounded 
outer surface (Dendraster and Astrodapsis) 
to a sharp point appearance (Encope and 
Mellita in Text-fig. 1-F,G). The nodes are 
arranged in parallel rows with their size 
varying with the diameter of the shaft in 
the individual. 

The dorsal spines have the same type of 
condyle, base and shaft as the ventral spines, 
but the end of the spine, as noted above, 
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is modified into a spade-like form. The size, 
both in thickness and diameter, of the base, 
condyle and shaft of the dorsal spines is very 
close to that of the ventral spines of the 
same individual. When in place the spine is 
curved towards the margin so that the 
wide, flat side of the spade is facing up- 
wards, forming an apparent protective ar- 
mor. The same knobby appearance is pres- 
ent with the nodes arranged parallel to the 
edge of the spine. The central plug is pres- 
ent, but does not have the granular appear- 
ance as in the Clypeastridae. 


SUMMARY 


By studying various features of the in- 
ternal morphology of fossil and Recent echi- 
noids it has been determined that the genus 
Astrodapsis definitely belongs to the family 
Scutellidae. The position of the auricles and 
the presence or absence of internal walls 
and pillars and their structures were found 
to be of determinative value. 

In Astrodapsis, Echinarachnius merriami, 
Dendraster, Encope, and Mellita, the auricles 
are fused in an interambulacral position. 
They are always low and placed at varying 
distances from the peristome. This is a scu- 
tellid characteristic. In the Clypeastridae, 
the auricles are high and are situated on the 
ambulacral plates with a varying amount of 
the auricle extending over the primordial 
interambulacral plate. 

In Astrodapsis the internal walls radiate 





EXPLANATION OF PLATE 45 
Fic. —Encope californica Verrill. Hypotype, UCLA 9131. Recent, Gulf of California, x 3. Abactinal 


portion of test removed to show interior. 


2,3—Dendraster excentricus (Eschscholtz). 2, dorsal view of Aristotle’s lantern of a Recent speci- 
men, X2. 3, hypotype, UCLA 9129, Recent, south of Pt. San Felipe, Gulf of California, 
2 


X3. 

4,5—Clypeaster speciosus Verrill, Recent, Gulf of California. 4, interior of hypotype UCLA 
9128, 4%. 5, dorsal view of Aristotle’s lantern, <2. 

6—Astrodapsis peltoides Anderson & Martin. Hypotype, UCLA 9126, Lower Pliocene, Priest 


Valley, Monterey County, California. 


7—Astrodapsis woodringi Eaton & Grant. Dorsal view of Aristotle’s lantern from which teeth 
have apparently been dissolved. Lower Neroly (Upper Miocene), Branch Canyon, Cuyama 
Valley, Santa Barbara County, California (UCLA loc. 1852), 2. 


(See next page for plate 45) 
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from the peristome showing clearly the 
widening of the ambulacral plates toward 
the ambitus. Even though the height of the 
walls differs in the individual, in none did 
the walls extend from the ventral to the 
dorsal surface near the peristome. In Cly- 
peaster, the radiating walls do not extend to 
the ambitus, a definitely delineated chan- 
nelway being left clear of pillars and walls 
to allow room for the gut. 

The spines of Astrodapsis also show defi- 
nite affinities to those of other members of 
the family Scutellidae. 
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A NEW GENUS OF LOWER TRIASSIC HOLOSTEAN FISH 


FROM THE DOLOMITE ALPS 


BRUNO ACCORDI 
Institute of Geology, Ferrara University, Italy 


ApstrRacT—The specimen on which this species is based came from the Lower 
Triassic of the Gardena Valley, Italy. It represents one of the very few fishes of the 
European Werfenian, and it shows little affinity with Permian ichthyofauna. The 
writer believes that it belongs in the Semionotidae. 

On both sides of the fossil (part and counterpart), the head, nearly all the trunk, 
and the dorsal fin are preserved. In addition to the exterior details, it was possible 
to study in thin section the histologic structure of the very small marginal teeth 
and of the scales. In the position and form of some opercular bones, the new genus 
tends to parallel certain fishes of the Eotrias of Madagascar, which belong in the 
Parasemionotidae. Moreover, it reveals many characters that are to be found in 
stratigraphically younger genera (Semionotus, Heterolepidotus, Paralepidotus, and 
Lepidotus). For this reason it seems to represent a transitional form of remarkable 
importance from an evolutionary point of view. 


INTRODUCTION 


n 1953, on the mountains near Santa 

Cristina, Val Gardena, Italy, Mr. E. 
Moroder and the author found the fossil on 
which this study is based. It came from the 
basal beds of the Lower Triassic. The lo- 
cality where the fossil was found is 2 km. 
north of Santa Cristina, near the top of the 
landslip covering the southeast side of Pizza 
Cuecena. This fossil fish is the first one to 
be found in the Italian Werfenian, and it is 
one of the few known from strata of that 
age in continental Europe. It is preserved in 
impure limestone, and it consists of part 
and counterpart of the head, most of the 
body, and the dorsal fin. The fossil lacks the 
anal area, the entire caudal area, and small 
peripheral portions of the dorsal and ven- 
tral regions. The head bones are partially 
visible, and they, together with numerous 
blue-black scales, cover the body and are 
prominent. 

Both the right and left sides of the fish 
were compressed together during preserva- 





tion, and on the two parts of the fossil the 
external or internal surfaces of bones and 
scales appear. The curvature of the speci- 
men is secondary and has no significance. 

The fossil under consideration is, on the 
whole, well preserved and is one of the best 
specimens of the European Werfenian ich- 
thyofauna. In Text-figure 1, the writer united 
by superposition of two drawings, the de- 
tails seen on both parts of the specimen, and 
the limits of the missing portions have been 
restored by dotted lines. These limits have 
been drawn according to data from com- 
parisons with many figures of Triassic ho- 
losteans. The shape of the tail varies con- 
siderably in this group. My restoration 
should, therefore, be considered quite theo- 
retical. It is also impossible to ascertain, 
even approximately, the correct position 
and the shape of the fins on the lower mar- 
gin. 

The outline of the body is thick, with a 
very high back; the structure of the head 
shows a marked resemblance to the fish of 


EXPLANATION OF PLATE 46 


Fig. 1-5—Archaeolepidotus leonardii Accordi, n. gen., n. sp.; holotype, from the lower Werfenian of 
Mount Pic, Gardena Valley, Dolomite Alps, Italy. 1,2, counterpart and part of entire speci- 
men, X1; 3, suboperculum, with anterior border to the left, 3; 4, dorsal fin, showing first 
pennate ray (r:) protected by two fulcra (f) and by a basal scale (s), X2; 5, thin section of 


part of a dorsal scale, X40. 
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Text-F1G. 1—Reconstruction of Archacolepidotus leonardii, n. gen., n. sp.; the solid lines show the 
details visible on both the part and the counterpart reunited; the dotted lines are theoretical 
a=angular; d=dental; 1=interoperculum; m =maxillar; op =operculum; or =orbit; pd =dorsal fin: 
r =branchiostegal rays; so=suboperculum; X0.85. ° 


the Middle and Upper Triassic, and little 
affinity with Permian forms, although the 
specimen being described lived shortly af- 
ter the close of the Paleozoic. The dorsal fin 
is characteristic, owing to its posterior posi- 
tion. The surface of the body is covered with 
a large number of small smooth scales that 
are for the most part rhomboidal, though 
their shape varies according to the position 
on the body. 


SYSTEMATIC PALEONTOLOGY 


Family SEMIONOTIDAE 
ARCHAEOLEPIDOTUS LEONARDII, 
n. gen., n. sp. 

Pl. 46, fig. 1-5 

Structure of the head.—The head (Text- 
fig. 1) is of massive shape, slightly pointed, 
and characterized by an outline (from the 
supratemporal to the tip of the muzzle) 
which follows a very sloping line, almost 
straight, and longer than in other similar 
specimens. Therefore the skull assumes a re- 
markable height. The preserved bones, or 
those recognizable, are the following: the 
operculum, the suboperculum, the preoper- 
culum, the jaw, and parts of the nasal and 
dental regions. Also, data can be assumed 
about other bones, both of the skull and the 
neck. In the mouth there can be seen some 
small teeth of the upper and lower marginal 
series. 

The operculum is of a reduced height, 
compared with those of most holosteans of 
the Middle and Upper Triassic. This fact 
agrees with the age of the fish in question, 
because generally Neotriassic and Jurassic 
forms have more highly developed opercular 


bones than do those of the Permian. Al. 
though the upper margin of the operculum js 
not visible, the general form of the bone js 
trapezoidal, and the inferior edge slopes 
strongly forward; the antero-inferior and 
postero-inferior angles are slightly blunted. 
The opercular bone appears for the most 
part to be smooth. However, it must have 
had a vermicular ornamentation as can be 
deduced from a small portion of the external 
surface preserved on one of the two parts, 

The suboperculum is highly developed, 
and it has a large posterior outline and a 
round inferior edge. On the anterior side it 
is clearly limited by the operculum, and 
near the limit of the latter it presents an ele- 
vated edge. It is a strong and very high 
bone, higher than the suboperculum of all 
known semionotids. Its surface (excluding 
only the higher anterior edge) is adorned 
with small regular semilunar plates (PI. 43, 
fig. 3) the convexity of which is in the cau- 
dal direction. These small plates are not all 
of the same shape and size; they are oblique 
and do not overlap. The inner surface of the 
suboperculum is smooth. 

The shape, the size, and the relationship 
between the operculum and the subopercu- 
lum, as well as the disposition of the inner 
operculum, are the most important ele- 
ments, indicating that Archaeolepidotus 
leonardii is close to the group of the Para- 
semionotidae of the Lower Triassic of 
Madagascar. (The specific name of the new 
form is in honor or Professor Piero Leonardi, 
an authority on the geology of the Dolomite 
Alps.) 

Only the posterior limit of the preopercu- 
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; visible. In spite of the few data avail- 
be deduced that the longest axis 
(height) of the preoperculum is subvertical, 
whereas most of the species of holosteans 
and subholosteans have a curved preopercu- 
ym, which slopes from the top toward the 
ental region. The line of the interopercu- 
jum, of which only the inferior edge can be 
gen, is important (Text-fig. 1). The space 
left free by the surrounding bones indicates 
that the interoperculum is short and sub- 
triangular. The position of this tiny bone, 
in addition to the shape of the operculum 
and suboperculum, suggests a relationship 
between Our new genus and some of the 
representatives of the Parasemionotidae 
from the Eotrias of Madagascar. 

Little can be said about the supra- 
temporal, frontal, nasal, and premaxillary 
bones. The characteristic setting of these 
bones, all on almost a straight line, gives 
Archaeolepidotus a long sloping outline. The 
mits of the maxilla are not very definite. 
Careful examination failed to reveal clearly 
whether or not the large bony plaque, lo- 
cated between the teeth and the subopercu- 
lum, belongs to the maxilla. The jaw bears 
18 small teeth, which have been somewhat 
misplaced from their original position. 
Other small teeth (16 in number) are set 
along the mandible, which appears to be a 
little shortened in proportion to the other 
head bones. Two small lines, just above two 
detached teeth and left of the interior edge 
of the mandible (Text-fig. 1), may indicate 
the dividing line between the dental and an- 
gular regions. The teeth, visible only under 
alens, are very small, and all belong to the 
external set. Altogether, there are 36 teeth; 
18 belong to the upper series and 16 to the 
lower; and two (probably belonging to the 
lower series) are no longer in their original 
position and are preserved under the dental 
region. They are all cylindrical, broadened at 
the base, and crowned by a terminal portion 
with a pointed apex of a different color. 
The basal part of the tooth is dark gray, the 
distal portion is brown, and the apex is 
transluscent milky-white, due to the strong 
development of enamel. The base of the 
tooth is smooth, but the upper part bears 
ine longitudinal striae visible only under a 
microscope. The external profile of the 
teeth is intermediate between that of 
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TEXT-F1G. 2—A, exterior view of a marginal 
tooth, X50. B, structure of the apical part of 
the same; c = pulp cavity; d=dark dentine with 
low birefringence and growth lines; s =enamel, 
transparent and highly birefringent, limited to 
the distal part of the tooth; X63. 


Saurichthys and that of Serrolepis, but the 
ornamentation is like that of the latter 
genus, though the longitudinal striae are 
more numerous and less evident. In longi- 
tudinal section, the tooth can be seen to 
consist of a dental cavity, dentine, and 
enamel. The dental cavity is long and thin. 
It is similar to the general shape of the tooth 
and is filled. with transparent calcite (epi- 
genetic). The dentine is a brown mass, fri- 
able, bitmunious, and with very low bire- 
fringence. Its apex is blunt. The enamei is 
transluscent with very strong birefringence, 
and it covers only the upper part of the 
tooth. At the apex, it is strongly developed, 
but it becomes progressively thinner toward 
the collar and gradually disappears. 

The shape of the orbit is uncertain. On 
the fossil, only the interior part of the out- 
line is indicated, but it can be discerned 
that there is a slight hollow higher than 
long. Therefore, it seems that a horizontally 
elongate orbit (as in Heterolepidotus and 
Colobodus) was not present, but it may be 
that the outline was subcircular as in 
Paralepidotus, or that it was higher than 
long. The clavicular region is poorly pre- 
served and is covered with scale-prints. 
Therefore, nothing definite can be ascer- 
tained as to the shape or the disposition of 
the clavicular bone complex. The two 
wedge-shaped bones sketched under the 
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suboperculum are believed to be branchio- 
stegal rays. Of particular interest are a 
group of small flat triangular-pointed scales 
under the suboperculum in the region of the 
branchiostegal rays. They are within a tri- 
angular area and are not present in most 
fossil fish. However comparable bones are 
visible in a specimen of Dapedius illustrated 
by Smith Woodward and in a Heterolepido- 
tus from Besano, Italy (Brough, 1939, p. 
37, Text-fig. 34). 

Description of the trunk.—Although the 
ventral line cannot be accurately traced, it 
can be seen that the trunk (Text-fig. 1) has 
a short, thick, gibbous aspect. All attempts 
to unite the outline of the head end and the 
postero-superior portion resulted in a very 
high, curved, dorsal margin. 

The general aspect of the trunk, the posi- 
tion of the dorsal fin, the shape of the scales, 
the structure of some of the head bones, all 
reveal a relationship between our specimen 
and certain species of the African Triassic 
(see the memoirs of Piveteau and of Leh- 
man on the Parasemionotidae of the Lower 
Triassic of Madagascar, and the publica- 
tions of Smith Woodward and of Schellwien 
on somewhat younger forms from the Up- 
per Triassic of South Africa). The general 
shape of the trunk, the structure of the dor- 
sal fin, and the size and arrangement of the 
scales indicate that Archaeolepidotus is like 
many other holosteans of the Alpine Middle 
Triassic. The genus seems to be transitional 
between a small group of subholosteans of 
the African Eotrias and certain later Trias- 
sic holosteans well represented in the Alps. 

The scales, which are small, thick and 
strong, are preserved almost all over the 
trunk. They are of rhomboidal and rectan- 
gular shape and are arranged in slightly 
curved series with an average deviation of 
some 20° in the anterior region and about 
5° in the posterior. They have a fairly 
smooth surface but in some cases are marked 
by small pores. The posterior border of the 
scales are not saw-toothed. The number of 
scales in a vertical series cannot be accu- 
rately determined. There are about 18-20 on 
the anterior part of the trunk, 23-25 near 
the top of the back, and 12-16 on the pos- 
terior part. The number of vertical series 
appears to have been about 40. 

The shape and orientation of the scales 
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varies both longitudinally and transversely. 
On the outside, they all appear to have a 
rhomboidal or a lozenge-shaped Outline 
but this aspect is due to their overlapping 
arrangement. In the middle of the caer 
edge, they all have an articulating spine 
which extends beneath the preceding scale 
Each scale has, in turn, on the inner surface 
a corresponding furrow in which the spine 
of the following ventral scale fits. It is pos- 
sible to reconstruct the shape of the differ. 
ent scales because the outer surfaces of the 
left-side scales and the inner surfaces of the 
right-side scales are visible. The invariable 
presence of a spine of articulation is one of 
the most distinctive characters of our fossil. 
This specimen is important because it repre- 
sents a rare form from a stratigraphic posi- 
tion in which fish are not common and be- 
cause it reveals characters ordinarily not 
ascertainable. For example, the outline of 
isolated scales can in many cases be seen 
clearly, but on a strongly compressed fossil 
fish where the scales are in situ and are 
somewhat overlapped, they may appear 
rhomboidal even though they are of a dif- 
ferent shape. 

Text-figure 3 elucidates the shape of the 
scales in the different parts of the trunk. On 
the whole, there is a greater difference be- 
tween the scales of the thoracic region and 
those of the caudal part than between the 
dorsal and ventral scales. These characteris- 
tics help to distinguish Archaeolepidotus 
from other similar genera. 

The structure of the scales is rather sim- 
ple. Thin sections show that: (1) the scales 
consist of only one basal layer and only one 
ganoine (enamel) covering (PI. 46, fig. 5); 
(2) the basal layer is homogeneous, is dark 
brown, has a very low birefringence, and is 
only faintly striate; and (3) the enamel 
forms a relatively thick layer. The enamel 
is strongly birefringent and under cross- 
Nicols it appears to be composed of fine 
prisms set with the long axis normal to the 
surface. This material covers the entire 
scale, and it is thicker medianly than lateral- 
ly. 

The preserved part of the dorsal fin has 
very distinct characteristics, which, how- 
ever, are similar to those of Paralepidotus. 
This fin is located posteriorly. On it 14 rays 
are preserved, all strong, much inclined, al- 
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TEXT-FIG. 3—Form of the scales in the different parts of the trunk, X6. 
The position of the scales is indicated on the outline. 


most horizontal, and separated from one 
another by a distance a little greater than 
their diameter. Near their mid-length the 
rays branch and each of the two branches 
continues parallel. Each ray is subdivided 
into segments which are long at the base 
and become progressively shorter distally. 
Toward the terminus of the rays, the seg- 
mentsare shorter than wide. Two or three of 
the longest rays seem to be preserved in 
their entirety, and they are about 17 mm. 
in length. At the point of attachment of each 
ray there is a small short spine which is 
directed dorsally. In the fossil it can be 
seen that the fin does not begin at the top 
of the back but from a more posterior posi- 
tion. The initial part is much like Lepidotus. 
First there is a strong pointed and triangu- 
lar basal scale much like a fulcrum. Then 
two massive fulcra follow (the second one is 
thinner and longer); they are curved and 
lie upon the first ray which is distinctly 
feathered only toward the outside. Then the 
other 13 rays, which are all alike, develop. 
As Boni (1937) noted, in Paralepidotus, the 
first undivided half of each ray seems to be 
composed of a strong and a thin element 
fused longitudinally. 


MEASUREMENTS 


Presumptive length of the fish 
from the apex of the muzzle 


tothe terminus of the tail.... 154 mm. 
Length of the head, from the 

apex of the muzzle to the pos- 

terior edge of the subopercu- 

_ Sa repel 40 mm 


Presumptive height taken at the 
maximum point of the curve 


Lk 59 mm. 
Height and width of the scales 

of the antero-median region. 4.32.8 mm. 
Height and width of the scales 

of the postero-median region 3.02.7 mm. 
Average height of the marginal 

ES ae em ee eee 0.60 mm. 
Average diameter of the mar- 

| 0.28 mm. 


SYSTEMATIC POSITION AND COMPARISONS 

Definition of the genus.—The new genus 
Archaeolepidotus has the following charac- 
teristics: Medium-sized oval body (15 cm. 
long) with high and gibbous back, subtri- 
angular short and thick head, and a very 
long and inclined upper outline. The oper- 
culum is reduced and is trapezoidal with an 
angular outline and vermicular ornamenta- 
ion; the suboperculum, which is high and 
is as well developed as is the operculum, has 
rounded edges and an ornamentation of 
semilunar plates; the preoperculum is poorly 
defined in the specimen but it is set with a 
subvertical axis; the interoperculum is mod- 
est in size and is subtriangular. Marginal 
teeth are small, pointed, cylindrical-conical, 
with slight longitudinal streaks limited to 
their distal parts and having a simple struc- 
ture (dentine partly covered with enamel). 
The area of the branchiostegal rays is cov- 
ered with triangular plates; the scales of the 
trunk are small and thick, varying in shape 
according to the position; they have an ar- 
ticulating spine, smooth margins, and a 
simple structure with a basal layer covered 
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with thick ganoine. The dorsal fin is located 
posteriorly, and it has rays which branch 
near their mid-length. The rays are sepa- 
rated from one another by spaces as wide as 
their thickness. They are divided into nu- 
merous segments which distally become pro- 
gressively shorter, and they seem to be 
formed by the fusion of a strong element and 
a thin one. The dorsal fin begins with a 
feathered ray and is protected by two strong 
fulcra and by a basal scale. 

The specimen found in Val Gardena pre- 
sents many characters which indicate a re- 
lationship to several holostean or subholo- 
stean genera, especially to those of the 
Semionotidae and the Parasemionotidae. 
The nature and the measurements of the 
operculum, the suboperculum and the inter- 
operculum, the general shape of the body, 
and the position of the dorsal fin are remi- 
niscent of some species of the Eotrias of 
Madagascar included in the last of the 
above-named families. However, there are 
fundamental differences in morphology and 
structure between Archaeolepidotus and the 
coeval African group. Nevertheless, both 
probably had a common origin. 

As to the relationship between Archaeo- 
lepidotus and the holosteans of the Middle 
and Upper Triassic of Europe (rarely in the 
Lower Triassic) comparisons should be 
made with Heterolepidotus, Paralepidotus, 
Semionotus, and Lepidotus. Heterolepidotus 
has the following characters in common 
with Archaeolepidotus: the dimension of the 
body, the ornamentation of the head-bones, 
the remarkable development (in some spe- 
cies) of the suboperculum, the external 
shape of the teeth, and the covering of the 
branchiostegal region with small scales 
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noted in some species. However, it diff 

from the fish found in Val Gardena in ha 
portant characters, for example: the ee 
slender shape, thinner head, more oblong 
orbit, smooth marginal teeth, and oar 
tooth scales. “a 

Relationships can also be noted between 
our specimen and Paralepidotus, a genus 
founded by Stolley for those forms inter- 
mediate between Lepidotus and Colobodys 
and, according to Stolley, characteristic of 
the Middle and Upper Triassic of the Alps 
and similar to Heterolepidotus. The te. 
semblances consist of: the general shape— 
a high back, and a short, thick body; the 
orbit which is not oblong; in the measure. 
ment and disposition of the scales without 
any superficial ornamentation; and in the 
structure of the rays of the fin. The chief 
differences between the two genera are: the 
measurements of the fish—Paralepidotus js 
on the average three times as long; the shape 
of the suboperculum—in P. it is low and 
broad and has an anterior spiny process 
near the top; the marginal teeth—which in 
P. are smooth, with different shape and 
structure; and the scales which seem to be 
more homogenous in outline, have no articu- 
lating spine, and are slightly saw-toothed 
in the pectoral region. 

Some general characters (the shape of the 
body, the structure of some head-bones, the 
shape and disposition of the scales, the pos- 
terior location of the dorsal fin, and the 
series of pointed marginal teeth) indicate a 
relationship between the new genus and 
Semionotus, which is found especially in the 
German Triassic—not only in the Middle 
and Upper Triassic but also in the Wer- 
fenian. Our specimen is also related to 


TABLE 1.—KNOwWN DISTRIBUTION OF RELATED HOLOSTEAN GENERA 
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Lepidotus, which is younger, but the dif- 
ferences between these two genera are great 
and the relationship is not close. 

In conclusion, I wish to emphasize the 
surprisingly great age of the new genus, 
Archaeolepidotus, the type of which came 
from near the boundary between the Per- 
mian and the Triassic. The Malagasian 
jchthyofauna belongs to the middle Wer- 
fenian, and most of the European genera 
with which it has analogies did not arise 
until later. The geological distribution of 
the European genera with similarities is 
shown on Table 1. 
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BIBLIOGRAPHY AND INDEX TO NEW GENERA, SPECIES, 
AND VARIETIES OF FORAMINIFERA FOR THE YEAR 4954 


HANS E. THALMANN 
School of Mineral Sciences, Stanford University, California 





ABsTRACT—The following bibliography lists a total of 517 papers dealing exclusively 
or partly with Foraminifera. Of this total 420 titles refer to the year 1954. One paper 
is added for 1944, one for 1945, 5 for 1950, 4 for 1951, 10 for 1952, and 76 for 1953. 

The Index cites as new foraminiferal taxa erected in 1954: 1 superfamily, 1 family 
3 subfamilies, 28 genera, 2 subgenera, 377 species, 58 varieties (subspecies), 12 new 
names, 11 homonyms, 39 nomina nuda, and 241 forms to which the open nomen- 
clature was applied. Supplemented are for previous years: 1 variety for 1948; 1 
genus for 1950; 1 genus and 2 species for 1951; 1 subfamily, 1 genus, 38 species, 
6 varieties, 3 homonyms and 6 nomina aperta for 1952; 3 families, 7 genera, 62 
species, 9 varieties, 3 homonyms and 46 nomina aperta for 1953. Publications listed 
in the Bibliography under Nr. 397, 423, 424, 425, 426, 428, 433, 450, 451, and 491, 
not available to the compiler, apparently include more new Foraminifera erected 


between 1950 and 1954. 
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Woop, ALAN, Virgulina and Cassidella: 


ig IO vol. 8, No, 2 
p. 37. ' 
YamaGiwa, Nosvuo, New localities of 


fusulinids and tetracorals from the north. 
ern part of Settu province (in Japanese): 
Geol. Soc. Japan, Jour., vol. 60, No. 707 
p. 356. 
Yokoyama, T., The Permian system of the 
Taishaku region, Hiroshima prefecture (in 
Japanese): zbid., vol. 60, No. 706, p. 302 
YOsHIMURA, N., The Permian system in the 
Takayama-son area, Okayama prefecture: 
ibid., vol. 60, No. 706, p. 302. ; 
YOUCHTENKO, P., Une paleothéque consa- 
crée aux Foraminiféres: Soc. géol. France 
Comptes rendus, No. 10, p. 186. 
ZEIL, WERNER, Geologie der Alpenrandzone 
bei Murnau in Oberbayern: Geologica 
Bavarica, No. 20, p. 1-85, 9 pl., 5 text-fig. 
ZEIL, WERNER, see HaGn, H., & Zen, W. 


SUPPLEMENT FOR THE YEAR 1944 
Bana, Homi R., A study of Actinocyclina 
lucifera and Calcarina calcitrapoides occur- 
ring in calcareous clay bed of nummulitic 
(Tertiary) limestone series of Tadskewar, 


‘Surat District: Current Science, vol. 13, 


p. 258-259. (No. 207 for the year 1944), 


SUPPLEMENT FOR THE YEAR 1945 


VASILEVSKAYA, M. T., Some data on the 
microfauna from the Sarmatian of the 
southern outskirts of the Donets Basin: 
(Russian with summary in English): Vseross. 
Paleont. Obshch. Ezheg. vol. 12, p. 101-108, 
illustr. (non vidi). (No. 252 for the year 
1945). 


SUPPLEMENT FOR THE YEAR 1950 
Erasmo, G. D’, Le date di pubblicazione 
delle ‘‘Fauna del Regno di Napoli” di 
Oronzio Gabriele Costa e di Achille Costa: 
Accad. Sci. Fis. Mat. Italia, Rendiconti, 
vol. 16, p. 14-36. (No. 527 for the year 
1950). 

FAIRBRIDGE, RHODES W., The geology and 
geomorphology of Point Peron, Western 
Australia (List of recent Foraminifera 
determ. by W. J. Parr): Roy. Soc. Western 
Australia, Jour., vol. 34, p. 35-72, illustr. 
(non vidi). (No. 528 for the year 1950). 
Kireeva, G. D., Novy vidy fuzulinid 7 
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izvestniakov C;! i C;? Donetzkogo basseina: 
Geol. Issled. Raboty, SSSR. Glav. Uprav. 
Rasz. Uglya, p. 193-212, illustr. (mon vidi). 
(No. 529 for the year 1950). _ 
ManukaLova, M. F., Opisanie nekotorykh 
novykh vidov fusulinid iz srednego Karbona 
Donetskogo basseina: 1bid., 175-189, 
illustr. (non vidi). (No. 530 for the year 
0). 
on M. F., Novye vidy fuzulinid 
iz izvestiniakov srednogo Karbona Don- 
bassa: ibid., p. 219-234, illustr. (non vidi). 
(No. 531 for the year 1950). 
Parr, W. J. see FAIRBRIDGE, R. W. 


SUPPLEMENT FOR THE YEAR 1951 


DatmaTskaYA, I. I., Novyi vid fuzulinid 
iz nishnei chasti stednekamennougolnykh 
otlozhenii Russkoi platformy: Moskov. 
Obshch. Ispyt. Prirody, Trudy, otdel geol., 
vol. 1, p. 194-196, illustr. (non vidi). (No. 
432 for the year 1951). 

DocieL, V. A., General Protistology (in 
Russian): Moscow, 603 p., 322 fig. (No. 433 
for the year 1951). 

DyAKONOVA-SAVELEVA, E. N., Genezis i 
stratigraficheskoe polozhenie krasnotsvetnoi 
tolshchi severnogo kavkaza v svyazi s 
nakhodkoi vysshikh fuzulinid: Leningrad 
obshch. est., Trudy, otdel geol., vol. 68, p. 
102-149, pl. 1, 16 text-fig. (mon vidi). (No. 
434 for the year 1951). 

KsIazKIEWICZ, M., Wystepowanie orbitolin 
w doinej Kredzie okolic Wadovice: Panst. 
Inst. Geol. Prace, Poska, vol. 7, p. 145-148 
(non vidi). (No. 435 for the year 1951). 


SUPPLEMENT FOR THE YEAR 1952 
CaRVALHO, J. DE Palva, & CHERMONT, 
E. M. LEcLERC, Sobre alguns Foraminifera 
da costa do Estado de Sao Paulo: Inst. 
Oceanogr., Bol., vol. 3, p. 77-79. (No. 471 
for the year 1952). 

CHERMONT, E. M. LECLERC, see above. 
Dain, L. G., see VoLosutNova, N. A., & 
Dain, L. G. 

Davies, L. M., Foraminifera of the White 
Limestone of the Kingston district, Jamaica: 
Edinburgh Geol. Soc., Trans., vol. 15, 
p. 121-133, illustr. (non vidi). (No. 472 
for the year 1952). 

GRELL, Kart G., Der Stand unserer 
Kenntnisse iiber den Bau der Protisten- 
kerne: Deutsche Zool. Ges., Verhandl., p. 
212-251, 34 text-fig. (No. 473 for the year 
1952). 

Jacos, K., & Sastri, V. V., Miocene 
Foraminifera from Chavara near Quilon, 
Travancore: Geol. Soc. India, Records, 
vol. 82, p. 342-353, 3 pl. (non vidi). (No. 
474 for the year 1952). 

JENNINGS, J. N., The origin of the Broads 
(report on postglacial Foraminifera by W. A. 
MacFaDyYEN): Roy. Geogr. Soc., Research 
Ser., No. 2, 66 p., illustr. (non vidi). (No. 
475 for the year 1952). 

MacFaypen, W. A., see above. 
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NEGRETTI, G. C., Segnalazione di terreni 
del Cretaceo superiore nel versante setten- 
trionale dei Monti Prenestini: Ist. Geol. e 
Paleont. Univ. Roma, vol. 2, 3 p., (No. 476 
for the year 1952). 

Ruiz Gaona, M., Resultado del estudio de 
las faunas de foraminiferos del Nummuliti- 
co de Montserrat y regiones limitrofes: 
Inst. Invest. Geol. ‘‘Lucas Mallada,” 
Estud. Geol. No. 15, p. 21-81, pl. 19-33, 
1 text-fig. (No. 477 for the year 1952). 
oc V. V., see Jacos, K., & Sastrt, 
TROELSEN, J. C., Geological investigations 
in Ellesmere Island, 1952: Arctic, vol. 5, 
p. 199-210, 10 text-fig. (No. 478 for the 
year 1952). 

VASICEK, MILOSLAV, Vyznam foraminifer 
ve vede a v praxi: Casopis, Narodniho 
Musea, vol. 120, p. 138-147, 2 text-fig. 
(No. 479 for the year 1952). 
VoLosHinova, N. A., & Dain, L. G., Fossil 
Foraminifera of S$S.S.S.R.: Nonionidae, 
Cassidulinidae, Chilostomellidae (In Rus- 
sian): Vses. Neft. Nauchno Issledov. geol. 
razved. Inst., Trudy, vol. 63, 151 p., 17 pl., 
13 text-fig. (No. 480 for the year 1952). 


SUPPLEMENT FOR THE YEAR 1953 
AccorRDI, BRUNO, La sedimentacion marina 
en el Valle Penedes (Cataluna) y en el 
Veneto (Italia) durante el Mioceno: Inst. 


Invest. Geol. ‘‘Lucas Mallada,”’ Estud. 
Geol., Nr. 19, p. 416-426. (No. 397 for the 
year 1953). 


AVNIMELECH, M., & ReE!ss, Z., On the 
Cretaceous and Tertiary stratigraphy of a 
boring near Beth-Gorvin (Israel): Research 
Counc. Israel, Bull., vol. 3, p. 171-176, 2 
text-fig. (No. 398 for the year 1953). 
AVNIMELECH, M., Studies on the Neogene 
of Israel. I. A new Pliocene locality in the 
central coastal plain of Israel: ibid., vol. 2, 
p. 422-424. (No. 399 for the year 1953). 
BECKMANN, JEAN PIERRE, Die Foramini- 
feren der Oceanic Formation (Eocaen- 
Oligocaen) von Barbados, KI. Antillen: 
Eclogae geol. Helvetiae, vol. 46, Nr. 2 
(published May 30, 1954), p. 301-412, 
pl. 16-30, 29 text-fig. (No. 400 for the year 
1953). 

BENES, KONRAD, B., & 
BENES, K. 

BIELECKA, W., Badania nad mikrofauna 
gornego Malmu: Inst. geol. Polska, vol. 87, 
p. 21-36, 1 pl. (No. 401 for the year 1953). 
BoRISENKO, N. N., see GROSSGEJM, V. A., & 
BorRISENKO, N. N. 

Borovikov, L. I., & KuzNecov, S. S., On 
the limestones with Nummulites of the re- 
gion along the middle course of the Ural 
(in Russian): Akad. Nauk, Doklady, vol. 
91, p. 363-365. (No. 402 for the year 1953). 
BourcaRT, JACQUES, Contribution 4 la 
connaissance du socle sous-marin de la 
France Je long de la cété méditerranéenne: 
Congr. Géol. Internat. Alger 1952, Comptes 


see RUZICKA, 
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rendus 19th session, sect. 4, fasc. 4, p. 25-63, 
4 fig. (No. 403 for the year 1953). 
Byxkova, E. V., Foraminifera from the 
Suzaksk stage, Tadshiksh Depression: 
Vses. Neft. Nauchno Issledov. geol-razved. 
Inst., Trudy, sbornik 6. (No. 404 for the 
year 1953). (Non vidi). In Russian. 

Car, E., & KAHLER, F., Ein neues Vorkom- 
men von Eozin nérdlich Guttaring (Karn- 
ten): Der Karenthin, Klagenfurt, p. 195- 
222. (No. 405 for the year 1953). 

CREsPIN, I., Micropaleontological report on 
samples from bores in the Moorlands Coal- 
field, South Australia (Appendix to D. J. 
McGarry: Geology of the Moorlands 
brown-coal field): South Australia Dept. 
Mines, Mining Review, No. 94, p. 91-93. 
(No. 406 for the year 1953). 

Daci-Dizer, A., Contributions a 1|’étude 
paléontologique du Nummulitique de Kas- 
tamon: Fac. Sci. Univ. Istanbul, Revue, 
ser. B, vol. 18, p. 207-299, 10 pl. (non vidi). 
(No. 407 for the year 1953). 

Dain, L. G., & GrospiLova, L. P., Tour- 
nayellidae and Archaediscidae: Vses. Neft. 
Nauchno Issledov.  geol.-razved. _Inst. 
Trudy, vol. 74 (in Russian, mon vidi). 
(No. 408 for the year 1953). 

Droocer, C. W., Two species of Miogypsina 
from southern Peru: Soc. Geol. Peru, Bol., 
vol. 26, p. 9-16, 3 text-fig. (No. 409 for the 
year 1953). 

FRENGUELLI, JOAQUIN, Analisis microscopi- 
co de una segunda serie de muestras de la 
turbera del Rio de la Mision, Rio Grande, 
Tierra del Fuego, extraidas por el Dr. 
Vaino Auer: Soumalaisen Tiedeakat. Toimi- 
tuksia, Helsinki, ser. A, Nr. 3, Geol.- 
Geogr., vol. 34, p. 1-52, 7 text-fig. (No. 410 
for the year 1953). 

Fujita, Y., On the foraminiferal fauna in 
the Miyata formation: Studies Geol. Min. 
Inst. Tokyo Univ. of Education, No. 2, 
p. 17-24, 1 fig. (No. 411 for the year 1953). 
G1anotTtTI, AGosTINO, Microfauna della 
serie tortoniana del Rio Mazzapiedi-Castel- 
lania (Tortona-Alessandria): Rivista Ital. 
Paleont. e Stratigr., Memorie, vol. 6, p. 
167-308, pl. 10-19, text-fig. 7-10, tables 
4-6. (No. 412 for the year 1953). 

Grno, GIAN FELICE, Osservazioni geologiche 
sui dintorni di Sant’ Agata fossili (Tortona- 
Alessandria): ibid., vol. 6, p. 7-22, text- 
fig. 1,2. (No. 413 for the year 1953). 
GLacon, Mme G. & MaGné&, J., Robulus 
bertraneui, foraminifére nouveau du Ter- 
tiaire supérieure d’Algérie: Soc. Hist. Nat. 
Afrique du Nord, Bull., vol. 44, p. 134-137, 
1 text-fig. (No. 414 for the year 1953). 
GLAESSNER, MARTIN F., Some problems 
of Tertiary geology in southern Australia: 
Royal Soc. New S. Wales, Jour. and Pro- 
ceed., vol. 87, p. 31-45, 3 fig. (No. 415 for 
the year 1953). 

GLAESSNER, MartTIN F., Conditions of 
Tertiary sedimentation in southern Aus- 
tralia: zbid., vol. 76, p. 141-149. (No. 416 
for the year 1953). 


460. 


461. 


462. 


463. 


464. 


465. 


466. 


467. 


468. 


469. 


470. 


471. 


GORBENKO, V. F., On the pro 
stratigraphy of the «orth tes ys the 
the northeastern flank of the Black _ 
incurvation (in Russian): Akad. N " 
SSSR., Doklady, vol. 93, p. 135-137. (4H 
= for the year 1953). + (No. 
RILL, Rupoir, Der Flysch, die W 
bergzone und das Semmenesian fe Wasch 
brunn (Niederdésterreich) : Geol. Bundesens 
Wien, Jahrb., vol. 96, p. 65-116 sf ™ 
1 table. (No. 418 for the year 1953). 4 
GrossGEJM, V. A., & BorisEnKo 'N N 
The problem of the distribution of the micr, “ 
fauna in the terrigenous Paleocene flysch 
of the western Kuban region (in Russian): 
Moskov. obshch. ispijtat. Prirody, Bull, 
otdel geol., vol. 28, p. 32-41, illustr. (nog 
vidi). (No. 419 for the year 1953), a 
Hanzlikova, E., Micropaleontological-strati. 
graphical evaluation of the boring Zukoy 
NP 15 (in Czech with English summary): 
Geol. Surv. Czechoslov., Sbornik, vol, 20, 
p. 85 ff., 13 pls., 1 table (non vidi). (No, 429 
for the year 1953). ; 
HANZLIKOVA, E., Poznamky k prechodn} 
souvrstvi klokocovskemu. Otazka omen 
vrestev kridy a paleogenu v_podslezske 
jednotce: Zpravy o geol. vyzkum, Naklady 
p. 17-26. (No. 421 for the year 1953), - 
HANZLIKOVA, E., Zprava o biostratigrafick- 
em vyzkumu v Beskydech: ibid., p. 26-29 
(No. 422 for the year 1953). 
HANZLIKOVA, E., & HOMOLA, VL., Strati- 
graficke a tektonicke studie v Pobeskydj: 
ibid., p. 29-33. (No. 423 for the year 1953), 
HoMOLa, VL., see above. 
ILIEVA-VERGILOVA, D. Nummiulites dy 
Crétacé supérieur en Bulgarie: Geol. Inst. 
Bjulgar., Izvest., vol. 2, p. 139-144, 1 pl. 
(non vidi). (No. 424 for the year 1953), 
JULLIAN, YVEs, Présentation de microfacits 
jurassiques du Languedoc: Congr. Géol. 
Internat. Alger. 1952, Comptes rendus, 19th 
session, sect. 14, fasc. 16, p. 177-178, 30 
text-fig. (No. 425 for the year 1953), 
KAHLER, F., see CLAR, E., & KAHLER, F. 
KANTOROVA, V., Uber das zweierlei Alter 
der ‘‘Puchover Mergel’’ (Serbian with 
German and Russian summaries): Geol. 
Sbornik, Nakl. Akad. Slovensk. Vied, 
Bratislava, vol. 4, p. 423-425, pl. 58-63. 
(No. 426 for the year 1953, non vidi). 
KarRLov, N. N., and Nosovsky, M. F., 
Discovery of a marine Tchokrak fauna in 
the complex above the mineral layer of the 
region of Nikopol (in Russian): Moskov. 
obshch. ispijtat. Prirody, Bjull., otdel geol., 
vol. 28, p. 65-68. (No. 427 for the year 
1953). 
KaTTo, Jiro, NAKAMURA, JUN, & TAKAYA- 
NAGI, YOKICHI, Stratigraphical and paleon- 
tological studies of the Tonohama group, 
Kochi prefecture, Japan: Kochi Univ. Re- 
search Repts., vol. 2, No. 32, p. 1-15, 2 
pl., 2 fig., 3 tables. (No. 428 for the year 
1953). 
Kawapa, S., see MoRIKAWA, S., & KAwabA, 
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ENINNIKOV, V. A., On the mor- 
ppology and the systematics of the Forami- 
nifera of the family Nonionidae (in Russian, 
non vidi): Moskov. obschh. ispijtat. Prirody, 
Bjull., otdel geol. vol. 28, p. 88-89. (No. 
429 for the year 1953). 

Kiprer, K., see Papp, A., & Kipper, K. 
Kuznecov, S. S., see Borovikov, L. I., & 
KuzNeEcov, S. S. 
Kuznecova, K. I., see SHuckaja, E. K., & 
Kuznecova, K. I. am : 
LupBrooK, N. H., Foraminifera in_sub- 
“recent sediments of Lake _ Eyre, South 
Australia: Austral. Jour. Sci., vol. 16, p. 
108-109, illustr. (non vidi). (No. 430 for the 
year 1953). 
_Macnfé, JEAN, & TeEMpPéRE, CLAUDE, 
Micropaleontologie de deux bassins néogénes 
algériens: Le Chelif et le Hodna. Applica- 
tions aux recherches de pétrole: Congr. 
Géol. Internat. Alger 1952, Comptes ren- 
dus, 19th session, sect. 14, fasc. 16, p. 147- 
176, pl. 1-6, 2 text-fig. (No. 431 for the 
year 1953). 
Macngé, J., see GLACON, Mme. G. & MaGné, 


— FERREIRA, be see TAVARES 
Rocua, A., & MARTINS FERREIRA, J. 

_ Morags, L. J. DE, Ocorrencia de Foramini- 
feros na formacao Cretacea da regiao de 
Mossoro, Rio Grande do Norte: Acad. 
Brasil. Cienc., Annal., vol. 25, p. 149-159 
(non vidi). (No. 432 for the year 1953). 

. MorIKAWA, ROKuRO, Triticites limestone 

found in Okuchichibu: Saitama Univ. Sci. 

Repts., Ser. B, vol. 1, No. 2, p. 115-122, 

pl. 4, 17 tables, 1 map. (No. 433 for the 

year 1953). 

. Morikawa, S., & Kawapa, S., Fusulinidae 

from the Maemonkura Valley, west of 

Chichibu Mine: Chichibu Mus. Nat. Hist., 

Bull., No. 3, p. 61-64, 2 fig. (No. 434 for the 

year 1953). 

. MuraTA, SHIGEO, Paleogene Foraminifera 

from the Chikuho coalfield, Kyushu: 

Kyushu Inst. Technol., Bull., Vol. 1, No. 

3,7 p., 1 pl., 1 table, 1 fig. (No. 435 for the 

year 1953). 

NAKAMURA, JUN, see KaTTOo, J., et al. 

. NAPOLI ALLIATA, ENRICO D1, Stratigrafia di 

un sondaggio eseguito in corrispondenza 

alla “Pietra di Salomone” presso Palazzo 

Adriano (Palermo): Consigl. Nazion. Ri- 

cerche, Contr. di Sci. Geol., vol. 3, p. 99-110, 

3 fig., 1 table. (No. 436 for the year 1953). 

. Napott ALLIATA, ENRICO pDI., Microfaune 

della parte superiore della serie oligocenica 

del Monte San Vito e del Rio Mazzapiedi- 

Castellania (Tortona-Alessandria): Rivista 

Ital. Paleont. e Stratigr., Memorie, vol. 6, p. 

25-98, pol. 1-4, 2 tables. (No. 437 for the 

year 1953). 

- NeGreTTI, GiaAN CarLo, Appunti sulla 

geologia della regione di Cori-Artena-Colle- 

ferro (Lazio). 1. La posizione stratigrafiche 

del calcare ‘‘Nummulitico” dei dintorni di 

Colleferro: Consigl. Nazion. Ricerche, 
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Contr. Sci. Geol., vol. 3, p. 47-60, 12 text- 
fig. (No. 438 for the year 1953). 
Nopovskij, M. F., see Kar.Lov, N. N., & 
Nosovskl, M. F. 

OzakI, HriROsHi, on the mode of occur- 
rence of fossil Fusulinidae at Kiusyozan, 
Akasaka-mati, Gifu prefecture, Japan: Nat. 
Sci. and Mus., Tokyo National Science 
Museum), vol. 20, p. 8-10, fig. (No. 439 
for the year 1953). 

Papp, A., Fossilien aus der Bohrung Pirka 
bei Voitsberg (Steiermark) und Bemerkun- 
gen iiber die Altersstellung der durchteuften 
Schichten: Geol. Bundesanst. Wien, Ver- 
handl., p. 220-226, 1 fig. (No. 440 for the 
year 1953). 

Papp, A., & Kiprer, K., Die Foramini- 
ferenfauna von Guttaring und Klein St. 
Paul (Karnten). III. Foraminiferen aus 
dem Campan von Silberegg: Oesterreich. 
Akad. Wiss., Sitzber,. math.-nat. Kl., 
Abt, 1, vol. 162, p. 345-357, 3 pl. (No. 441 
for the year 1953). 

PARKER, FRANCES L., see PHLEGER, F. B. & 
PARKER, F. L. 

PEIRSON, JEAN F., see PHLEGER, F. B., & 
PEIRSON, J. F. 

PERRODON, ALAIN, & TEMPERE, CLAUDE, 
Sur l’extension du Miocéne dans le Seba 
Chioukh (Oranie occidentale, Algérie): Soc. 
géol. France, Bull., (6), vol. 3, p. 583-588, 
2 text-fig. (No. 442 for the year 1953). 
PETTERSSON, HAns, Speed of sedimentation 
in deep seas: Congr. Geol. Internat., Alger 
1952, Comptes rendus, sect., 4, fasc. 4. 
p. 99-103. (No. 443 for the year 1953). 
PHLEGER, FRED B., PARKER, FRANCES L., 
& PEIRSON, JEAN F., North Atlantic Foram- 
inifera: Swedish Deep-Sea Exped., Re- 
ports, vol. 7; Sediments from the N. At- 
lantic Ocean, No. 1, 122 p., 12 pl., 26 text- 
fig., 38 tables. (No. 444 for the year 1953). 
POKORNY, VLADIMIR, On some _paleo- 
ecological and micro-biostratigraphical prob- 
lems of the Tertiary of Moravia (in Czech 
with English summary): Sborn. Ustred. 
Ustavu Geol. Svaz. 20, oddil paleont., p. 
169-187. (No. 445 for the year 1953). 
Pozarysk!I, W., Mikropaleontologie w 
Czechoslowacji: Przgl. geol Polska, Nr. 3, 
p. 111-113. (No. 446 for the year 1953). 
POKORNY, VLADIMIR, Zprava o mikro- 
paleontologickem vyskum maguskeho flyse 
ve Chribech: Zprav. o geol. vyskum, 
Naklad. Czechosl. Akad. Vied, Praha, p. 
158-161. (No. 447 for the year 1953). 
PREY, SIEGMUND, Flysch, Klippenzone und 
Kalkalpenrand im Almtal bei Scharnstein 
und Griinau: Geol. Bundesanst. Wien, 
Jahrb., vol. 96, p. 301-343, pl. 13, 1 fig., 
1 table. (No. 448 for the year 1953). 


RaADIER, HENRI, Contribution 4a l'étude 
stratigraphique et structurale du Détroit 
soudanais: en, géol. France, Bull., (6), 


vol. 3, p. 677-695, 3 text-fig. (No. 449 
for the year 1953). 

Rao, L. Rama, More orbitoids from the 
Cretaceous rocks near Ariyalur (S. India): 
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Current Science, vol. 22, p. 76-77, illustr. 
(non vidi). (No. 450 for the year 1953). 
REICHEL, MANFRED, Les caractéres em- 
bryonnaires de Subalveolina: Eclogae Geol. 
Helvetiae, vol. 46, Nr. 2 (published May 
30, 1954), p. 256-262, pl. 13,14, 4 text-fig. 
(No. 451 for the year 1953). 

Retss, Z., see AVNIMELECH, M., & REIssS, Z. 
ROUTHIER, PIERRE, Etude géologique du 
versant occidentale de la Nouvelle Calédonie 
entre le Col de Boghen et la Pointe d’Arama: 
Soc. géol. France, Mém., vol. 67, 271 p., 
illustr. (non vidi). (No. 452 for the year 
1953). 

RusceLLi, Maria, Microfaune della serie 
elveziana del Rio Mazzapiedi-Castellania 
(Tortona-Alessandria) : Rivista Ital. Paleont. 
e Stratigr., Mem., vol. 6, p. 99-165, pl. 
5-9, 4 text-fig., 1 table. (No. 453 for the 
year 1953). 

Ruzicka, BoHUSLAV, & BENES, KONRAD, A 
contribution to the knowledge of the Tor- 
tonian of Ostrava (in Czech with Russian 
and English summaries): Sborn. Ustred. 
Ustavu Geol., oddil paleont., vol. 20, p. 
25-83, 4 pl., 19 text-fig., 1 table. (No. 454 
for the year 1953). 

SCHWEIGHAUSER, J., Mikropaliontologische 
und stratigraphische Untersuchungen im 
Paleocin und Eocin des Vicentin (Nordi- 
talien) mit besonderer Beriicksichtigung 
der Discocyclinen und _ Asterocyclinen: 
Schweiz. Paléiont. Abhandl., vol. 70, p. 
1-97, 13 pl., 59 text-fig. (No. 455 for the 
year 1953). 

SEMIKHATOVA, S. V., On the history of the 
middle Carboniferous epoch of the Russian 
platform (in Russian): Moskov. obshch. 
ispijtat. Prirody, Bjull., vol. 28, otdel geol., 
p. 33-52 (non vidi). (No. 456 for the year 
1953). 

Serova, M. JA., New facts regarding the 
structure and the evolution of the aperture 
in the Foraminifera of the genus Hauerina 
(fam. Miliolidae) (in Russian): 7bid., otdel 
geol., vol. 28, p. 62-64, illustr. (mon vidi). 
(No. 457 for the year 1953). 

Suuckaja, E. K., Division of the niveaux 
of the Kuban and Elburgan in the western 
Caucasus according to the Globigerinidae. 
(in Russian): ibid., otdel geol., vol. 28, p. 
71-79, illustr. (non vidi). (No. 458 for the 
year 1953). 

SHuckajaA, E. K., & Kuznecova, K. I., 
Comparison between the “grey” and the 
“‘variegated” marls of Dahestan (in Rus- 
sian): ibid., otdel geol., vol. 28, p. 75-78, 
illustr. (non vidi). (No. 459 for the year 
1953). 

Socin, C., La serie stratigrafica dei dintorni 
di Villadeati (Montferrao): Ist. Geol., Univ. 
Torino, Pubbl., vol. 2, p. 69-78, 2 fig. (No. 
460 for the year 1953). 

Socin, C., Un interessante affioramento 
miocenico nella colline di Broni (Pavia): 
ibid., vol. 2, p. 79-83. (No. 461 for the year 
1953). , 

STAINFORTH, R. M., The basis of Paleogene 


correlation of Middle America: Soc 


Peru, Bol., vol. 26, p. 247-262, 3 tow og 


(No. 462 for the year 1953). 

504. Straus, E., Mikrofaunistische Unt 
suchungen im Untermiozin und Ojj “4 
des Raumes Wolfskehlen-Stockstadt. ( " 
stract): Zeitschr. Deutsche Geol. Ges a 
105, p. 151 (No. 463 for the year 1953).” “™ 

505. SussBoTina, N. N., Fossil Foraminifera f 
the U.S.S.R.  Globigerinidae, Hane 
keninidae, Globorotaliidae (in Russian): 
Vses. Neft. Naukno-Issledov. geol.-razyed 
Inst., Trudy, n.s., vol. 76, 296 p., 41 pl., 8 
text-fig. (No. 464 for the year 1953), ©” 

506. SVAGROVSKY, JOSEF, Neogen am Fusse des 
vulkanischen Drahov-Massives (in Czech 
with German summary): Geol. sborn 
Nakl. Akad. Slovensk. Vied, Bratislaya’ 
vol. 4, p. 331-352, 5 pl. (non vidi). (No, 468 
for the year 1953). 

507. SvaGRovsky, JOsEF, Beitrag zur Kenntnis 
der sarmatischen Ablagerungen der (gt. 
Slowakei (in Czech with German summary): 
ibid., vol. 4, p. 837-848, 1 pl. (non vidi) 
(No. 466 for the year 1953). 

508. Tal, YOSHIRO, Miocene Foraminifera from 
the Syobara basin, Hiroshima prefecture: 
Hiroshima Univ. Jour. Sci., vol. 1, p. 1-9, 5 
text-fig. (mon vidi). (No. 467 for the year 
1953). 

509. TAKAYANAGI, YOKICHI, Distribution of re. 
cent Foraminifera from adjacent seas of 
Japan (I): Records Oceanogr. Works jin 
Japan, n.s., vol. 1, p. 78-85, 1 text-fig, 2 
tables. (No. 468 for the year 1953), 
TAKAYANAGI, YOKICHI, see KATTO, J. et al. 

510. TAvAREs Rocua, A., & MARTINS FERREIRA, 

J., Estudo dos Foraminiferos do Pliocenico 

da regiao de Pombal: Faculd. Ciencias, 

Lisboa, Revista, ser . 2 C, vol. 3, p. 129-156, 

.3 pl. 1 text-fig., 2 tables. (No. 469 for the 

year 1953). 

TEMPERE, CLAUDE, see MacGnf&, J., & 

TEMPERE, C. 

TEMPERE, CLAUDE, see PERRODON, A. & 

TEMPERE, C. 

511. VALENSI, LIONEL, Microfossiles des silex du 
Jurassique moyen. Remarques pétrogra- 
phiques: Soc. géol. France, Mém., n.s., vol. 
22, fasc. 4, 100 p., 16 pl., 7 text-fig. (No. 470 
for the year 1953). 

512. VoorTHUYSEN, J. H. VAN, Microlithologisch 
en ecologisch Foraminiferen onderzoek bij 
Grootebroek: in GIFFEN, A. E. VAN, Onder- 
zoek van drie bronztijd grafheuvels bij 
Groetebroek. (non vidi). (No. 471 for the 
year 1953) 

513. WoLBURG, JOHANNES, Schwellen und 
Becken im Emsland-Tektogen mit einem 
palaogeographischen Abriss von Wealden 
und Unterkreide: Geol. Jahrb. Hannover, 
Beiheft 13, 115 p., 36 text-fig. (No. 472 for 
the year 1953). 
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INDEX TO FORAMINIFERA FOR 1954 
ALLIATINA gen. nov. Troelsen, 390, p. 464. 
New genus of the family Ceratobuliminidae. 
Genotype: Cushmanella  excentrica Napoli 
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ta, 1952, Riv. Ital. Pal. Strat., vol. 63, p. 


= 5, fig. 1. Upper Pliocene. 


ina delicatissima Smout, 355, p. 83, pl. 14, 
et. Middle Eocene, Qatar. 

4mmoastuta caudriae Petters, 310, p. 37, pl. 8, 
fig. 1. Upper Eocene-Lower Oligocene, Colom- 


bia. , ' 
culites akabiraensis Asano, 20, p. 48, text 

An Upper Eocene, Hokkaido. 

__ albertensis Stelck and Wall, 361, p. 18, pl. 1, 
fig. 21,22. Upper Cretaceous, Alberta, Canada. 

_— humboldti (Reuss, 1851) var. sellit Emiliani, 

126, p. 106, pl. 21, fig. 1. Oligocene, Italy. 

_— pacalis Stelck and Wall, 361, p. 18, pl. 1, 
fig. 9. Upper Cretaceous, Alberta, Canada. — 

_—— Ppygmaeus Malakhova, 251, p. 58, pl. 2, fig. 
7, Tournaisian, Western Urals. U.S.S.R. 

Ammodiscus grzybowski Emiliani, 126, p. 106, pl. 

~ 1, fig. 3. Oligocene, Italy. 

Ammolagena silurica Eisenack, 123, p. 66, pl. 3, 

" fig. 12,13; pl. 5, fig. 1. Silurian Estland. 

Amphistegina bikinensis Todd and Post, 380, p. 
563, pl. 201, fig. 4. Lower Miocene, Bikini. 

_— lessonit Orbigny, 1826, var. conoides Klein- 
pell, 225, p. 65, pl. 7, fig. 10; pl. 8, fig. 3,4. 
Neogene, Fiji. en 

__ —— —— var. fijiensis Kleinpell, 225, p. 65, 
pl. 7, fig. 11; pl. 8, fig. 2. Neogene, Fiji. 

var. melanesiensis Kleinpell, 225, 
p. 66, pl. 8, fig. 5. Neogene, Fiji. 

Amphitremoidea ? pachytheca Eisenack, 123, p. 
56, pl. 4, fig. 1-3,7,8. Silurian, Baltic Region. 
Anomalina elegantoides Camacho, 65, p. 34, pl. 6, 

fig. 6. Upper Cretaceous, Argentina. 

— etrusca Emiliani, 126, p. 109, pl. 21, fig. 7. 
Oligocene, Italy. 

— redmondi Petters, 310, p. 40, pl. 8, fig. 11. 
Coniacian, Colombia. 

Anomalinoides mexicana F.. L. Parker, 305, p. 539, 
pl. 11, fig. 21-23. Recent, Gulf of Mexico, 274 
meters. 

ARCHAEOCHITINIA Eisenack, 123, p. 54. 
Family not stated. Genotype: Avheetinie 
gotlandica Eisenack, 1954, ut infra. Silurian 
(Upper Llandovery). 

— gotlandica Eisenack, 123, p. 54, pl. 1, fig. 
9,10. Silurian, Gotland Island. 

— hyalina Eisenack, 123, p. 55, pl. 1, fig. 11. 
Silurian, Gotland Island. 

Asterigerina dukhani Smout, 355, p. 81, pl. 15, 
fig. 4. Paleocene, Qatar. 

—— indistincta Todd and Post, 380, p. 562, pl. 
201, fig. 1. Plio-Pleistocene, Bikini. 

— marshallana Todd and Post, 380, p. 562, pl. 
201, fig. 3. Oligocene, Bikini. 

— tentoria Todd and Post, 380, p. 562, pl. 201, 
fig. 2. Upper Miocene, Bikini. 

Astrorhiza erratica Eisenack, 123, p. 52, pl. 1, fig. 
1; pl. 5, fig. 12. Silurian pebble, Holstein, 
Germany. 

Austrotrillina striata Todd and Post, 380, p. 555, 
pl. 198, fig. 9. Topmost Oligocene Bikini. 

Blastammina fenestrata Eisenack, 123, p. 61, pl. 2, 
figs. 8-10. Silurian, Gotland Island. 

Bolivina cuomoi Boltovskoy, 45, p. 196, pl. 13, 
figs. 4-6. Recent, Gulf of San Jorge, Argentina. 

—— lanceolata F. L. Parker, 305, p. 514, pl. 7, 

figs. 17-20. Recent, Gulf of Mexico, 183 
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meters. (Note: Preoccupied by Napoli Alliata, 
1952; see under Homonyma 1954). Renamed: 
Bolivina daggarius F. L. Parker, 1955. 

——— marshallana Todd and Post, 380, p. 558, pl. 
199, fig. 5. Miocene, Bikini. 

—— moguntiaca Bartenstein and Heinemann, 36, 
p. 29, text figs. a-h. Aquitanian, Mayence 
Basin, Germany. 

—— rhombica Petri, 309, p. 91, pl. 6, figs. 17,18. 
Miocene, Brazil. 

—— striatula Cushman, 1922, var. angulata 
Petri, 309, p. 93, pl. 6, figs. 21,22. Miocene, 
Brazil. 

—— vaceki Schubert, 1902, subsp. glabra Hagn, 
169, p. 17, pl. 3, fig. 12. Eocene, Bavaria. 

-—— villalverniensis Martinis, 258, p. 174, pl. 7, 
fig. 2-5. Pliocene, Italy. 

Bolivinoides angulata Reiss, 333, p. 155, pl. 28, 
fig. 1-4. Campanian, Israel. 

—— compressa Reiss, 333, p. 156, pl. 30, fig. 1-3. 
Campanian, Israel. 

—— curta Reiss, 333, p. 158, pl. 30, fig. 15,16. 
Dano-Paleocene, Israel. 

—— decorata (Jones, 1886) var. australis Edgell, 
118, p. 71, pl. 13, fig. 5,6; pl. 14, fig. 5,6; text 
fig. 4. Upper Campanian, N.W. Australia. 

—— ouezzanensis Rey, 335, p. 210, pl. 12, fig. 2. 
Paleocene, Morocco (published January 1955). 

—— polonica Pozaryska, 323, p. 252, text fig. 1. 
Danian, Poland. 

—— praecursor Reiss, 333, p. 156, pl. 30, figs. 4-7. 
Upper Campanian-Lower Maestrichtian, 
Israel. 

—— pustulata Reiss, 333, p. 156, pl. 29, fig. 9,10. 
Lower Campanian, Israel. 

—— vistulae Pozaryska, 323, p. 253, text fig. 2. 
Danian, Poland. 

Boultonia guadaiupensis Skinner and Wilde, 351, 
p. 439, pl. 43, fig. 1-10. Permian, Texas. 

BOULTONUNAE subfam. nov. Skinner and Wilde, 
351, p. 437. Permian. New subfamily of 
Fusulinidae. Includes: Boultonia Lee, 1927; 
Paraboultonia Skinner and Wilde, 1954, ut 
infra; Minojapanella Fujimoto and Kanuma, 
1953; Codonofusulina Dunbar and Skinner, 
1937; and probably also Palaeofusulina 
Deprat, 1912, Dunbarula Ciry, 1948, and 
Gallowatinella Chen. 1934. 

BROTZENIA nov. gen. Hofker, 191, p. 169. New 
genus of the family Epistomariidae. Genotype: 
Epistomina spinulifera Reuss, 1862, Sitzber. 
Akad. Wiss. Wien, math.-nat. Cl., vol. 46, p. 
93, pl. 13, fig. 4-7. Middle Jurassic to Lower 
Cretaceous. 

—— parastelligera Hofker, 191, p. 180, text fig. 
4-6. Upper Dogger, Germany. For: Epistomina 
stelligera (Ruess) in Bartenstein, and Brand, 
1937, Abhandl. Senckenberg. Naturf. Ges., vol. 
439, p. 191, pl. 11-a, fig. 21 etc. 

Bulimina thanetensis Cushman and F. L. Parker, 
1947, var. hengisti Haynes, 184, p. 188, text fig. 
7,8. Paleocene, England. 

—— wyomingensis Fox, 142, p. 118, pl. 26, fig. 
8-11. Cretaceous S. Dakota and Wyoming. 
Buliminella apenninica Emiliani, 126, p. 113, pl. 

21, fig. 12. Oligocene, Italy. 

—— isabelleana Camacho, 65, p. 33, pl. 6, fig. 19. 

Upper Cretaceous, Argentina. 
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Calcarina delicata Todd and Post, 380, p. 563, pl. 
201, fig. 5,6. Plio-Pleistocene, Bikini. 

rustica Todd and Post, 380, p. 563, pl. 201, 
fig. 7. Upper Miocene, Bikini. 

Cassidulina gemma Todd, 94, p. 366, pl. 90, fig. 
26,27. Recent, Marshall Islands. 

—— marshallana Todd, 94, p. 366, pl. 90, fig. 
28,29. Recent, Marshall Islands. 

Ceratobulimina (Ceratolamarckina) jutlandica, 
Troelsen, 390, p. 456, pl. 10, fig. 7-9. Paleocene, 
Denmark. 

CERATOLAMARCKINA subgen. nov. Troel- 
sen, 390, p. 454. New subgenus of Ceratobuli- 
mina Toula, 1915. Family Ceratobuliminidae. 
Subgenotype: Ceratobulimina woodi Khan, 
1950, Jour. R. Micr. Soc. London, (3), vol. 70, 
p. 276, pl. 2, fig. 16,20,21. Middle Cretaceous; 
Paleocene. 

CHITINOSIPHON gen. nov. Thalmann and 
Bermudez, 372, p. 53. New genus of the family 
Rhizamminidae. Genotype: Chitinospihon ru- 
fescens Thalmann and Bermudez, 1954, ut 
infra. Recent, off Cuba. 

rufescens Thalmann and Bermudez, 372, 
p. 53, text fig. 1-4. Recent, off Cuba, 1600-1800 
fathoms. 

Cibicides americanus (Cushman, 1918) var. 
paraensis Petri, 309, p. 135, pl. 14, fig. 2-4, 
Miocene, Brazil. 

—— basraensis Rey, 335, p. 211, pl. 12, fig. 7. 
Oligocene, Morocco (published January 1955). 

cururuensis Petri, 309, p. 136, pl. 14, fig. 5-7. 
Miocene, Brazil. 

—— daguerri Neumann, 290, p. 113, text fig. 
A-C. Upper Lutetian, France. 

globosus Camacho, 65, p. 34, pl. 6, fig. 16. 

Upper Cretaceous, Argentina. 

hedbergi Petters, 310, p. 40, pl. 8, fig. 11. 

Campanian, Colombia. 

micrus (Bermudez, 1949) var. pusillus 

Proto Decima and Ferasin, 324, p. 250, pl. 11, 

fig. 6,7. Upper Eocene, Italy. 

protuberans F. L. Parker, 305, p. 542, pl. 12, 
fig. 13,14,16. Recent, Gulf of Mexico, 155 m. 

—— superbus Camacho, 65, p. 34, pl. 6, fig. 18. 
Upper Cretaceous, Argentina. 

tani Iwasa and Kikuchi, 213, p. 193, text 
fig. 8. Miocene, Japan. 

Codonofusiella cuniculata Kanmera, 217, p. 6, pl. 
3, fig. 12,14-19. Upper Permian, Japan. 

CORROSINA gen. nov. Nyiré, 295, p. 68. New 
genus of the family Heterohelicidae. Genotype: 
Corrosina pupoides Nyiré, 1954, ut infra. 
Oligocene. 

pupoides Nyiré, 295, p. 69. Figured (publi- 

cation not seen by compiler). Chattian, Hun- 





























gary. 

Cribroelphidium chaputi Tintant, 375, p. 195, pl. 
2, fig. 3. Pliocene, Turkey: Pleistocene, France. 

Conorbis, see Eponides 

Cyclammina apenninica Emiliani, 126, p. 117, pl. 
21, fig. 18,19. Oligocene, Italy. 

Darbyella argentinensis Boltovskoy, 45, p. 144, 
pl. 9, fig. 1-3. Recent, Gulf of San Jorge, 
Argentina 

mimounaensis Rey, 335, p. 210, pl. 12, fig. 

—_— Morocco (published January 





DAVIESINA gen. nov. Smout, 355 
genus of the family Rotaliidae. pete 
Daviesina khatiyaht Smout, 1954, yw -ype: 
iy 0 89 " + © sre, 
nielt Smout, 355, p. 69, pl. 

ee Se: . pl 7, fig. 15-17, 

khatiyahi Smout, 355, p. 67, pl. 1 i 

pl. 14, fig. 7. Paleocene, ne pr. 12, fig. 1-1; 

—— langhami Smout, 355, p. 68, pl. 11, fig. 1-1] 

P ch = gue _. iii 
entalina astrae Camacho, 65, p. 33, pl. : 
ing «Atami a Reguatinn. Pl 6, fig. 15 

ighornensis Fox, 142, p. 116, pl. 

pl. 2). Cretaceous S. Dakota and Wom a 

cineraria Emiliani, 126, p. 119, pl. 22 fh 

Oligocene, Italy. —s 

sherborni Bowen, 51, p. 145, pl. A fig. 9 
Eocene, London Clay, England. For: Vaginy. 
lina legumen (Linne) in Sherborn and Cha 
man, 1886, Jour. R. Micr. Soc., London (), 
vol. 6, p. 753, pl. 15, fig. 19. ve 

DICTYOKATHINA gen. nov., Smout, 355 p 
64. New genus of the family Rotaliidae. Geno. 
type: Dictyokathina simplex Smout, 1954, y 
infra. Paleocene. 

simplex Smout, 335, p. 65, pl. 8, fig. 1-11 
Paleocene, Qatar. 

DISCORBIDEA new superfamily, Smout, 355 
p. 81, Includes the families: Discorbidae 
Amphisteginidae, Cymbaloporidae,  Planor. 
bulinidae and probably also Globorotaliidae. 

‘‘Discorbis” bulbosa F. L. Parker, 305, p. 523, pl. 
8, fig. 10-12. Recent, Gulf of Mexico, 100-295 




















m. 

Discorbis chapmani Bowen, S51, p. 164, pl. C, fig 
14,15. Eocene, London Clay, England. For: 
Discorbis rosacea (Orbigny) in Sherborn and 
Chapman, 1886, Jour. R. Micr. Soc. London, 
(2), vol. 6, p. 756, pl. 16, fig. 11. 

jaddi Kleinpell, 225, p. 57, pl. 5, fig. 4,5, 

Neogene, Fiji. 

luciferus Camacho, 65, p. 34, pl. 6, fig. 10. 

Upper Cretaceous, Argentina. 

(Lamellodiscorbis) magna Vialli, 1951, var. 
aquitanica Neumann and Boulanger, 292, p. 
114, text fig. 2. Lower Lutetian, France. 

Dorothia vulsa Emiliani, 126, p. 120, pl. 22, fig. 9. 
Oligocene, Italy. For: Dorothia conula Cush- 
man, 1937, Cushman Lab. Foram. Res., Spec. 
Pap. 8, p. 76, pl. 8, fig. 15-17 (mon fig. 11-14). 

Dunbarinella americana, Thompson, 373, p. 45, 
pl. 16, fig. 16-24; pl. 17, fig. 1-6. Wolfcampian, 
Kansas. 

eoextenta Thompson, 373, p. 46, pl. 16, fig. 

25; pl. 17, fig. 7-20; pl. 18, fig. 1-16; pl. 23, 

fig. 16. Wolfcampian, Kansas. 

extenta Thompson, 373, p. 47, pl. 19, fig. 1-. 

Wolfcampian, Texas. 

fivensis Thompson, 373, p. 44, pl. 16, fig. 

4-15. Wolfcampian, Kansas. 

glenensis Thompson, 373, p. 48, pl. 18, fig. 

17,18; pl. 20, fig. 1-16. Wolfcampian, Kansas 

and New Mexico. 

hughesensis Thompson, 373, p. 48, pl. 7, fig. 
14-17; pl. 19, fig. 7-16. Wolfcampian, Kansas, 
New Mexico and Utah. 

— wetherensis Thompson, 373, p. 49, pl. 23, 
figs. 5-14. Wolfcampian, Texas. 
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erella mystica Emiliani, 126, p. 121, pl. 22, fig. 
10,11. Oligocene, Italy. _ ; 

__ pylcherella Proto Decima and Ferasin, 324, 
p. 248, pl. 11, fig. 1. Upper Eocene, Italy. __ 
Ehrenbergina insueta Proto Decima and Ferasin, 

324, p. 249, text fig. 1. Eocene, Italy. 
ELLIPSOI DININAE new subfam. Petters, 310, 
39. New subfamily of family Ellipsoidinidae. 
includes the genera: Pleurostomella Reuss, 
1860; Pleurostomellina Schubert, 1911; Ellip- 
sopleurostomella Silvestri, 1903; Ellipsobulimina 
Silvestri, 1903; Ellipsoidina Seguenza, 1859, 
and probably also Dentalinoides Marie, 1941, 
Pinarinn Bermudez, 1937, Gonatosphaera 
Guppy, 1894, and Parafissurina Parr, 1947. 

Ellipsonodosaria ugoensis Iwasa and Kikuchi, 
213, p. 192, text fig. 5. Miocene, Japan. __ 

Elphidium advena (Cushman, 1922) var. dispar 
Cushman, 94, p. 346, pl. 86, fig. 31. Recent, 
Marshall Islands. 

_— marshallanum Todd and Post, 380, p. 556, 
pl. 198, fig. 13. Lower Miocene, Bikini. 

_— morenoi Bermudez, 1935, subsp. ameghinoi 
Boltovskoy, 46, p. 277, pl. 25, fig. 1,2. Recent, 
Bay of San Jorge, Argentina. 

— paraensis Petri, 309, p. 77, pl. 5, fig. 5,6. 
Miocene, Brazil. 

— cf. poeyanum (Orbigny, 1839) var. elongata 
Petri, 309, p. 79, pl. 5, figs. 9,10. Miocene, 
Brazil. 

—sagrai (Orbigny, 1839) var. cururuensis 
Petri, 309, p. 80, pl. 5, fig. 13-16. Miocene, 
Brazil. : 

— tropicalis Petri, 309, p. 81, pl. 5, fig. 17,18. 
Miocene, Brazil. 

Elphidium (?) ellisi Weiss, 407, p. 159, pl. 32, 
fig. 5,6. Pleistocene, New York, U.S.A. 

— (?) limbatus Petri, 309, p. 75, pl. 5, fig. 1,2. 
Miocene, Brazil, (Note: Preoccupied by El- 
phidium macella (Fichtel and Moll) var. 
limbatum (Chapman, 1907), Jour. Queckett 
Micr. Club, (2), vol. 10, p. 142, pl. 10, fig. 9; 
re-named: Elphidium (?) toddae Petri, 1955). 

Entosolenia orbignyana (Seguenza, 1862), var. 
miocenica Ferasin, 133, (publication not seen 
by compiler), illustr., Miocene, Italy. 

EPISTOMARIIDAE new family Hofker, 191, 
. 166. Includes the genera Epistomaria 
Galloway, 1933; Epistominoides Plummer, 
1934; Héglundina Brotzen, 1948; Brotzenia 
Hofker, 1954, ut supra; Voorthuysenia Hofker, 
1954, ut infra, and Hiltermannia Hofker, 1954, 
ut infra. 

Epistomina hoffmeisteri Kleinpell, 225, p. 62, pl. 
5, fig. 8. Neogene, Fiji. 

— nuda Terquem, 1883, var. vulgaris Bielecka 
and Pozaryski, 37, p. 199, pl. fig. 59. Upper 
Malm, Poland. 

—— stellicostata Bielecka and Pozaryski, 37, p. 
71, pl. 12, fig. 60. Upper Malm, Poland. 

‘ — —— see as and 
ozaryski, 37, p. 72, pl. 12, fig. 61. Upper 
Malm, Poland. ‘ , . 7” 

Epistominoides danica Troelsen, 390, p. 461, pl. 
ll, fig. 1-3. Paleocene, Denmark. 

Eponides gaviotaensis Wilson, 412, p. 143, pl. 16, 
fig. 11,12. Oligocene (Refugian), California. 
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hatakeyamai Iwasa and Kikuchi, 213, p. 192, 

text fig. 6. Miocene, Japan. 

marcida Emiliani, 126, p. 124, pl. 22, fig. 24. 

Oligocene, Italy. For: Gyroidina jarvisi Cush- 

man and Stainforth in Cushman and Renz, 

1948, Cushman Lab. Foram. Res., Spec. Publ. 

24, p. 34, pl. 7, fig. 4, 5. 

perspicax Camacho, 65, p. 34, pl. 6, fig. 20. 
Upper Cretaceous, Argentina. 

—— peruvianas (Orbigny, 1839) var. campsi 
Boltovskoy, 45, p. 205, pl. 17, fig. 6-8. Recent, 
Gulf of San Jorge, Argentina. 

shoshonensis Fox, 142, p. 119, pl. 26, fig. 
12-14. Cretaceous S. Dakota and Wyoming. 

Eponides (Conorbis) polonicus Bielecka and 
Pozaryski, 37, p. 70, pl. 12, fig. 58. Upper 
Malm, Poland. 

Eulepidina see Lepidocyclina 

FALLOTELLA gen. nov. Mangin, 255, p. 209. 
New genus of the family Orbitolinidae. Geno- 
type: Fallotella alavensis Mangin, 1954, ut 
infra. Paleocene. 

alavensis Mangin, 255, p. 209, text fig. 1,2. 
Paleocene, Spain. 

Fissurina circularis Todd, 94, p. 351, pl. 87, fig. 
27. Recent, Marshall Islands. (For synonymy: 
see original paper). 

—— millettii Todd, 94, p. 351, pl. 87, fig. 30. 
Recent, Marshall Islands. (For synonymy see 
original paper). 

Flabellammina bessboroensis Stelck and Wall, 
361, p. 19, pl. 1, fig. 26. Upper Cretaceous, 
Western Canada. 

—— gleddiei Stelck and Wall, 361, p. 20, pl. 1, 
fig. 24,25; pl. 2, fig. 16. Upper Cretaceous, 
Western Canada. 

hendersonensis Stelck and Wall, 361, p. 20, 

pl. 2, fig. 17,18. Upper Cretaceous, Western 

Canada. 

succedens Stelck and Wall, 361, p. 21, pl. 1, 
fig. 23. Upper Cretaceous, Western Canada. 

FLABELLAMMINOPSIS gen. nov. Malecki, 
252, p. 104. Family not stated: (Lituolidae) 
Genotype: Flabellamminopsis variabilis Ma- 
lecki, 1954, ut infra. Middle Jurassic (Dogger). 

—— corrugatus Malecki, 252, p. 107, pl. 3, fig. 
5; pl. 4, fig. 16. Dogger, Poland. 

crassus Malecki, 252, p. 107, pl. 3, fig. 1; 

pl. 4, fig. 14,15. Dogger, Poland. 

diversiformis Malecki, 252, p. 110, pl. 3, 
fig. 7; pl. 5, fig. 14. Dogger, Poland. 

—— planulatus Malecki, 252, p. 104, pl. 3, fig. 
8; pl. 4, fig. 1-3. Dogger, Poland. 

—— proteus Malecki, 252, p. 108, pl. 3, fig. 4; 
pl. 5, fig. 7,10. Dogger, Poland. 

tetracarinatus Malecki, 252, p. 109, pl. 3, 

fig. 2; pl. 5, fig. 8,12,13. Dogger, Poland. 

tricarinatus Malecki, 252, p. 107, pl. 3, fig. 

6; pl. 5, fig. 2,3. Dogger, Poland. 

turbidus Malecki, 252, p. 108, pl. 3, fig. 9; 

pl. 4, fig. 12; pl. 5, fig. 9. Dogger, Poland. 

variabilis Malecki, 252, p. 105, pl. 4, fig. 






































4,7,8; pl. 3, fig. 4; text fig. 2. Dogger, Poland. 
Frankeina kimeridensis Bielecka and Pozaryski, 
37, p. 29, pl. 3, fig. 8. Upper Malm, Poland. 
Frondicularia greybullensis Fox, 142, 

26, fig. 4-6. Cretaceous S. Dakota, 


. 118, pl. 
/yoming. 
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superbissima Camacho, 65, p. 33, pl. 6, fig. 
11. Upper Cretaceous, Argentina. 

Fusulina attentuata Alexander, 7, p. 23, pl. 1, fig. 
12-15. Middle Pennsylvanian, Rar A all 

equabilis Alexander, 7, p. 24, pl. 2, fig. 1-4. 
Middle Pennsylvanian, Oklahoma. 

—— equilaqueata Alexander, 7, p. 26, pl. 1, fig. 
16-19. Middle Pennsylvanian, Oklahoma. 

—— expedita Alexander, 7, p. 27, pl. 2, fig. 5-8. 
Middle Pennsylvanian, Oklahoma. 

occultifons Alexander, 7, p. 40, pl. 4, fig. 
1-4. Middle Pennsylvanian, Oklahoma. 

—— plena Alexander, 7, p. 41, pl. 4, fig. 5-8. 
Middle Pennsylvanian, Oklahoma. 

—— tumida Alexander, 7, p. 43, pl. 4, fig. 9-12. 
Middle Pennsylvanian, Oklahoma. 

Fusulinella haymondensis Skinner and Wilde, 
351, p. 801, pl. 96, fig. 8-15. Early Pennsyl- 
vanian, Texas (published January 1955). 

texana Skinner and Wilde, 351, p. 800, pl. 

96, fig. 3-7. Early Pennsylvanian, Texas 

(published January 1955). 

thompsoni Skinner and Wilde, 351, p. 797, 
pl. 95, fig. 7-12; pl. 96, fig. 1-2. Early Pennsyl- 
vanian, Texas (published January 1955). 

GANELLA gen. nov. Aurouze and Boulanger, 
23, p. 187. New genus of the family Anomalini- 
dae, subfamily Planulininae. Genotype: Ganel- 
la neumannae Aurouze and Boulanger, 1954, ut 
infra. Y presian. 

neumannae Aurouze and Boulanger, 23, 
p. 187, text fig. 1-3. Ypresian, France. 

Gaudryina cobbani Fox, 142, p. 112, pl. 24, fig. 10. 
Cretaceous S. Dakota and Wyoming. 

haysakai Chang, 70, p. 106, pl. 1, fig. 9-15. 

Lower Oligocene, Taiwan. 

trullisata Todd, 94, p. 331, pl. 83, fig. 15. 
Recent, Marshall Islands. 

Gaudryina (Gaudryina) ashfordi Bowen, 51, p. 
167, pl. D, fig. 4,5. Eocene, London Clay, 
England. For: Gaudryina pupoides Orbigny in 
Sherborn and Chapman, 1886, Jour. R. Micr. 
Soc. London, (2), vol. 6, p. 743, pl. 14, fig. 7. 

—— (Pseudogaudryina) kokuseiensis Chang, 71, 
p. 59, pl. 1, fig. 1-6. Miocene, Taiwan. 

Gaudryinella schrideri Hagn, 169, p. 15, pl. 3, 
fig. 1-4; pl. 4, fig. 3,4. Eocene, Bavaria, 
Germany. 

GEMELLIDES subgen. nov. Vassilenko, 397, 
(Publication not seen by compiler). Belongs 
to family Anomalinidae. Sub-Genotype: 

orcinus Vassilenko, 397. (Publication not 
available to compiler). 

Globigerina ciperoensis Bolli, 43, p. 1, text fig. 3,4. 
Oligocene, Trinidad. (For synonymy see orig- 
inal publication). 

hélzli Hagn and Zeil, 172, p. 50, pl. 2, fig. 8. 

Lower Turonian, Bavarian Alps, Germany. 

wilsoni Cole, 1927, subsp. bolivariana 
Petters, 310, p. 39, pl. 8, fig. 9. Middle Eocene, 
Colombia. 

Globigerinoides bispherica Todd, 379, p. 681, pl. 1, 
fig. 4. Upper Oligocene, Saipan. (For synonymy 
see original paper). 

subquadrata Bronnimann in Todd, 379, p. 

680, pl. 1, fig. 5,8. Upper Oligocene, Trinidad 

and Saipan. 
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—— triloba (Reuss, 1850) var. aspera : 
p. 125, pl. 12, fig. 12,13. + ing Moy 309, 
oe exe IT ro Parker 
305, p. 511, pl. 7, fig. 3,4,10. R , 
inno scent, Gulf of 

Globorotalia velascoensis (Cushman, 1925) y, 
parva Rey, 335, p. 209, pl. 12, fig. 1. ~sllie 
Morocco. (Published January 1955). 

Globorotalia? youngi Fox, 142, p. 119, pl. 26 fi 
15-18. Cretaceous, S. Dakota and Wyomin é. 

Globotruncana ansarit Nakkady and Osman tae 
p. 77, pl. 20, fig. 17. Upper Cretaceous, Egy t. 

—— pooleyi Nakkady and Osman, 282, > 8? 
pl. 19, fig. 4. Upper Cretaceous, Egypt.” 

—— pseudofornicata Nakkady and Osman 282 
p. 82, pl. 19, fig. 2. Upper Cretaceous, Egypt. 

—— qabeliatensis Nakkady and Osman, 283.) 
83, text fig. a,b,c. Upper Cretaceous, Egypt ‘ 

—— quadrata Nakkady and Osman, 282, Pp 83 
pl. 20, fig. 18. Upper Cretaceous, Egypt. 

var. plata Nakkady and Osman 

282, p. 84, pl. 20, fig. 23. Upper Cretaceous, 

Egypt. 

sudrensis Nakkady and Osman, 282, p, 85 

pl. 19, fig. 5. Upper Cretaceous, Egypt. 

—— var. parallela Nakkady and 
Osman, 282, p. 85, pl. 19, fig. 6. Upper Cre. 
taceous, Egypt. 

Glomospira charoides (Jones and Parker, 1860) 
var. extendens Emiliani, 126, p. 133, pl. 23, fig. 
14. Oligocene, Italy. (For synonymy consult 
original publication). 

favilla Emiliani, 126, p. 133, pl. 23, fig. 15. 
Oligocene, Italy. (For synonymy see original 
publication). 

Goésella mississippiensis F. L. Parker, 305, p. 495, 
pl. 3, fig. 13,14,19. Recent, Gulf of Mexico, 
210 m. 

Giimbelina? marshallana Todd, 94, p. 349, pl. 87, 
fig. 9. Recent (or reworked?), Marshall Is- 
lands. 

Giimbelitria cretacea Cushman, 1933, subsp. 
albertensis Stelck and Wall, 361, p. 23, pl. 2, fig. 
19. Upper Cretaceous, Western Canada. 

Guttulina asanoi Iwasa and Kikuchi, 213, p. 191, 
text fig. 4. Miocene, Japan. 

irregularis (Orbigny, 1839) var. contraria 

Petri, 309, p. 68, pl. 4, fig.3-5. Miocene, Brazil. 

rivadaviaensis Camacho, 65, p. 33, pl. 6, 
fig. 13. Upper Cretaceous, Argentina. 

Gyroidina barbarica Emiliani, 126, p. 135, pl. 24, 
fig. 2. Oligocene, Italy. 

gothica Emiliani, 126, p. 135, pl. 24, fig. 4. 
Oligocene, Italy. (For synonymy see original 
paper). 

—— medicea Emiliani, 126, p. 136, pl. 24, fig. 6. 
Oligocene, Italy. 

—— patagonica Camacho, 65, p. 34, pl. 6, fig. 21. 
Upper Cretaceous, Argentina. 

Halkyardia bikiniensis Cole, 81, p. 584, pl. 210, 
fig. 1-5. Oligocene, Bikini. 

Haplophragmella didona Malakhova, 251, p. 5, 
pl. 1, fig. 19,20. Tournaisian, western Urals, 
U.S.S.R. ; 

Haplophragmoides bonanzaense Stelck_and Wall, 
361, p. 24, pl. 2, fig. 10. Upper Cretaceous, 
Western Canada. 
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__ carlilensis Fox, 142, p. 110, pl. 24, fig. 2,3. 
Cretaceous, S. Dakota, Wyoming. 

_— diversitatum Stelck and Wall, 361, p. 24, pl. 
1. fig. 8,9; pl. 2, fig. 3. Upper Cretaceous, West- 


nada. 
en arusce Emiliani, 126, p. 139. Not figured. 


. e, Italy. 
Ss padersOnenst Stelck and Wall, 361, p. 25, 


pl. 2, fig. 4. Upper Cretaceous, Western Can- 

Ba Stelck and Wall, 361, p. 25, pl. 1, 

fig. 20; pl. 2, fig. 5,6. Upper Cretaceous, West- 
a. 

-_ —— subsp. manifestum Stelck and 
Wall, 361, p. 26, pl. 1, fig. 3-5,18; pl. 2, fig. 1,2. 
Upper Cretaceous, Western Canada. 

_— spiritense Stelck and Wall, 361, p. 28, pl. 2, 
fig. £9. Upper Cretaceous, Western Canada. 
_— tremblayense Stelck and Wall, 361, p. 29, 
pl. 1, figs. 6, 7. Upper Cretaceous, Western 

Canada. ; 

Hastigerinella colombiana Petters, 310, p. 40, pl. 
8, fig. 10. Middle Eocene, Colombia. 

Hauerina millettii Cushman, 94, p. 337, pl. 84, 
fig. 23. Recent, Marshall Islands. For: Milio- 
lina circularis Bornemann var. sublineata 
Brady in Millett, 1898, Jour. R. Micr. Soc. 
London, p. 501, pl. 11, fig. 4. 

—— serrata Cushman, 94, p. 337, pl. 84, fig. 
26,27. Recent, Marshall Islands. 

HENSONIA gen. nov. Marie, 256, p. 121. New 
genus of the family Verneuilinidae. Genotype: 
Hensonia tricarinata Marie, 1954, ut infra. 
Upper Cretaceous (Senonian). 

— ftricarinata Marie, 256, p. 121, text fig. 4. 
Senonian, France and Spain. 

Heterostegina complanata (Defrance, 1822) subsp. 
sculpturata Papp and Kiipper, 302, pl. 121, 
text pl. 5, fig. 4,5; pl. 23, fig. 4. Upper Miocene, 
Egypt. 


—— ( 





) subsp. spiralis Papp and 
Kiipper, 302, p. 121, text pl. 5, fig. 3; pl. 23, 
fig. 1. Mio-Pliocene, Crete, Greece. 

— costata Orbigny, 1846, subsp. carinata Papp 
and Kiipper, 302, p. 117, pl. 21, fig. 1. Tor- 
tonian, Czechoslovakia. 

subsp. levitesta Papp and Kiipper, 

302, p. 116, text pl. 3, fig. 6,7; pl. 23, fig. 2. 

Tortonian, Austria. 

subsp. politatesta Papp and Kiip- 
per, 302, p. 117, text pl. 3, fig. 13-15; pl. 21, 
fig. 2. Tortonian, Austria. 

— granulatesta Papp and Kiipper, 1952, subsp. 
praeformis Papp and Kiipper, 302, p. 122, pl. 
22, fig. 6,7. Helvetian, France. 

— heterostegina (Silvestri, 1907) subsp. prae- 
costata Papp and Kiipper, 302, p. 116, text pl. 
3, fig. 1-4; pl. 21, fig. 7,8. Tortonian, Austria. 

— involutiformis Papp and Kiipper, 302, p.124, 
text pl. 5, fig. 6,7. Upper Burdigalian, France. 

— nigripustula Cole, 81, p. 575, pl. 209, fig. 1-8. 
Lower Miocene, Bikini. 

—— pusillumbonata Cole, 81, p. 576, pl. 206, 
fig. 3-9. Lower Miocene, Bikini. 

HILTERMANNIA gen. nov. Hofker, 191, p. 
169. New genus of the family Epistomariidae. 
Genotype: Epistomina chapmani Dam, 1948, 
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Revue Inst. Frang. Pétrole, vol. 3, p. 166, pl. 1, 
fig. 5. Albian and Aptian. 

Héglundina hyalina Hofker, 191, p. 203, text fig. 
53,54. Recent, Caribbean Sea, off Santa Cruz, 
150-500 fathoms. 

—— mediterranea Hofker, 191, p. 202, text fig. 
51,52. Recent, Mediterranean Ga depths 200- 
400 m. (For: Epistomina elegans auctorum). 

—— minimalis Hofker, 191, p. 200, text fig. 46. 
Oligocene, Holland. 

—— miocenica Hofker, 191, p. 200, text fig. 47,48. 
Miocene, Holland. 

Hyperammina baltica Eisenack, 123, p. 65, pl. 4, 
fig. 10,22. Silurian pebble, Baltic States. 

kentuckyensis Conkin, 89, p. 166, pl. 31, fig. 

1-6 lower half of plate. Mississippian, Ken- 

tucky, U.S.A. 

moderata Malakhova, 251, p. 50, pl. 1, fig. 3. 

Tournaisian, western Urals, USSR. 

pristis Emiliani, 126, p. 143, pl. 24, fig. 12. 
Oligocene, Italy. 

Karreriella marina Proto Decima and Ferasin, 
324, p. 248, pl. 11, fig. 3. Eocene, Italy. 

shangtaoensis Chang, 71, p. 61, pl. 1, fig. 

7-10. Miocene, Taiwan. 

termalis Proto Decima and Ferasin, 324, p. 
249, pl. 11, fig. 4. Eocene, Italy. 

KATHINA gen. nov. Smout, 355, p. 61. New 
genus of the family Rotaliidae. Genotype: 
Kathina delseota Smout, 1954, ut infra. Paleo- 
cene. 

delseota Smout, 355, p. 61, pl. 7, fig. 1-8. 

Paleocene, Qatar. 

major Smout, 355, p. 63, pl. 6, fig. 1-10. 

Paleocene, Qatar. 

selvert Smout, 355, p. 62, pl. 6, fig. 11-13. 

Paleocene, Qatar. 

Lagenonodosaria scalaris (Batsch, 1791) var. 
cuneensis Martinis, 258, p. 171, pl. 6, fig. 7. 
Pliocene, Italy. 

Lamellodiscorbis see Discorbis 

Lenticulina ellisori Bowen, 51, p. 146, pl. A, 
fig. 13,14. Eocene, London Clay, England. 
(For: Robulus propinquans Hantken in Ellisor, 
1933, Bull. Amer. Assoc. Petr. Geologists, 
vol. 17, p. 1320, pl. 7, fig. 12. (Note: correct 
spelling of species name is ‘‘ellisorae’’). 

huztokai Iwasa and Kikuchi, 213, p. 191, 

text fig. 2. Miocene, Japan. 

rivadaviaensis Camacho, 65, p. 32, pl. 5, fig. 
1. Upper Cretaceous, Argentina. 

—— vistulae Bielecka and Pozaryski, 37, p. 36, 
pl. 4, fig. 15. Upper Malm, Poland, 

var. elongata Bielecka and Po- 
zaryski, 37, p. 36, pl. 4, fig. 16. Upper Malm, 
Poland. 

Lepidocyclina (Nephrolepidina) augusticamerata 
Cole, 81, p. 585, pl. 217, fig. 1-5. Lower Mio- 
cene, Bikini. 

( ) bikiniensis Cole, 81, p. 586, pl. 214, 
fig. 1-8. Lower Miocene, Bikini. 

—— (——-) —— var. unipilaris Cole, 81, p. 587, 
pl. 214, fig. 11-14,18. Lower Miocene, Bikini. 
— ( ) cubiculirhomboidea Cole, 81, p. 587, 

pl. 213, fig. 10-19. Miocene, Bikini. 

—— (——-) pumilipapilla Cole, 81, p. 592, pl. 
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214, fig. 15-17,19; pl. 215, fig. 1-8. Lower Mio- 
cene, Bikini. 

Lepidocyclina (Eulepidina) abdopustula Cole, 81, 
p. 594, pl. 215, fig. 9,10; pl. 218, fig. 7-11. 
Oligocene, Bikini. 

Lepidolina? gigantea Toriyama, 387, p. 181, pl. 
24. Permian, Japan. 

Lepidolina kumaensis Kanmera, 217, p. 22, pl. 5, 
fig. 1-13. Upper Permian, Japan. 

toriyamai Kanmera, 217, p. 24, pl. 6, fig. 
1-19. Upper Permian, Japan. 

Lepidorbitoides minima Douvillé, 1927, subsp. 
pembergeri Papp, 300, p. 163, text fig. 3,4. 
Campanian, Austria. 

Liebusella exigua Todd and Post, 380, p. 554, pl. 
198, fig. 5,6. Oligocene, Bikini. 

Lockhartia altispira Smout, 355, p. 51, pl. 4, fig. 
4-6. Paleocene, Qatar. 

conica Smout, 355, p. 53, pl. 4, fig. 1-3. 

Paleocene, Qatar. 

diversa Smout, 355, p. 52, pl. 3, fig. 1-20. 

Paleocene, Qatar. 

hunti Ovey, 1947, var. pustulosa Smout, 
355, p. 54, pl. 4, fig. 8-10. Lower Eocene, Qatar. 

—— prehaimei Smout, 355, p. 51, pl. 2, fig. 21,22; 
pl. 7, fig. 14. Basal Paleocene, Qatar. 

Marginulina buskensis Bielecka and Pozaryski, 
37, p. 124, pl. 8, fig. 39. Upper Malm, Poland. 

delecta Camacho, 65, p. 33, pl. 6, fig. 12. 

Upper Cretaceous, Argentina. 

enbornensis Bowen, 51, p. 149, pl. B, fig. 

1-4. Eocene, London Clay, England. 

idola Frizzell, 143, p. 158, pl. 9, fig. 26. 
Upper Cretaceous, Texas. 

Massilina placida Todd and Post, 380, p. 555, 
pl. 198, fig. 11,12. Oligocene, Bikini. 

Miliammina bisobscura Stelck and Wall, 361, p. 
29, pl. 1, fig. 1. Upper Cretaceous, Western 
Canada. 

MINOUXIA gen. nov. Marie, 256, p. 119. New 
genus of the family Valvulinidae. Genotype: 
Minouxia gumbelitrioides Marie, 1954, ut infra. 
Upper Cretaceous. 

dordonica Marie, 256, p. 120, text fig. 3. 
Upper Cretaceous, France. 

—— gumbelitrioides Marie, 256, p. 120, text fig. 1. 
Upper Cretaceous, France. 

Miogypsina (Miogyspina) socini Drooger, 107, 
p. 233, pl. 2, fig. 20-24; text fig. 2. Miocene, 
Italy. 

Miogypsinoides grandipustula Cole, 81, p. 602, 
pl. 221, fig. 1-4,19-22; pl. 222, fig. 12. Lower 
Miocene, Bikini. 

Miscellanea miscella (Archiac and Haime, 1854) 
var. dukhani Smout, 355, p. 73, pl. 14, fig. 2-6. 
Topmost Paleocene, Qatar. 

Misstssippina dehmi Hagn, 169, p. 19, pl. 3, fig. 
14. Eocene, Bavaria, Germany. 

Navarella joaquini Ciry and Rat, 1951, var. 
helvetica Maync, 267, p. 141, pl. 27, fig. 7-10. 
Maestrichtian, Swiss Alps. 

Neobulimina varsoviensis Bielecka and Pozaryski, 
37, p. 65, pl. 10, fig. 50. Upper Malm, Poland. 

Nephrolepidina see Lepidocyclina 

Nodomorphina pulchra Rey, 335, p. 210, pl. 12, 
fig. 3. Eocene, Morocco (published January 
1955). 

Nodosarella pliocenica Soares de Carvalho and 
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Colom, 356. (Publication not 
a. ‘ 
odosaria subcanaliculata (Neuge 
var. spinescens Bowen, 51, p. SS ne " a 
Eocene, London Clay, England. (Note: B : 
occupied by Nodosaria spinescens Reuss, 1865. 
see Homonyma 1954; changed to Nodos ™ 
ge ge 1955.) _— 
Nonion dalpiazi Ferasin, 133, (publicat; 
seen by re Miocene, mn ” 
pacificum (Cushman, 1922) var. lauensis 
re 225, p. 41, pl. 2, fig. 5,6, Neogene, 
pauciloculum Cushman, 1944, subsp. a] 
biumbilicatum Weiss, 407, 'p. 157, pl. 30, 
1,2. Pleistocene, New York, U.S.A. sens 
sorachiense Asano, 20, p. 48, text fig. 45 
Upper Eocene, Hokkaido, Japan. iio 
Nonionella curvisulcata Petri, 309, p. 73 pl. 4 
fig. 13-15. a, Brazil. = 
miocenica Cushman, 1926, subsp. as 
Boltovskoy, 45, p. 169, pl. 9, fig. 45, Reon 
Gulf of San Jorge, Argentina. ‘ 
Nubecularia mazoviensis Bielecka and Pozaryskj 
37, p. 31, pl. 3, fig. 10. Upper Malm, Poland. 
OINOMIKADOINA gen. nov. Matsunaga, 263, 
p. 163. New genus of the family Anomalinidae, 
subfamily Cibicidinae. Genotype: Oinom;. 
kadoina ogiensis Matsunaga, 1954, ut infra 
Upper Pliocene, Lower Pleistocene. , 
ogiensis Matsunaga, 263, p. 163, text fig. 
1-3. Upper Pliocene, Japan. 
Oketaella campensis Thompson, 373, p. 36, pl. 6 
fig. 14,18,25-33. Wolfcampian, Texas. 
cheneyi Thompson, 373, p. 37, pl. 6, fig. 
12,13,15-17. Wolfcampian, Texas. 
waldripenses Thompson, 373, p. 35, pl. 6, 
fig. 19-24. Wolfcampian, Texas. 
Operculina lucidisutura Cole, 81, p. 575, pl. 204, 
fig. 1-6. Upper Miocene, Bikini. 
Operculinella(?) oneataensis Kleinpell, 225, p. 50, 
pl. 4, fig. 5-8. Neogene, Fiji. 
Operculinoides amplicuneata Cole, 81, p. 573, pl. 
204, fig. 7-10; 16-18. Upper Miocene, Bikini. 
bikiniensis Cole, 81, p. 574, pl. 204, fig. 19- 
23. Miocene, Bikini. 
rectilata Cole, 81, p. 575, pl. 204, fig. 11-15; 
pl. 205, fig. 15-17. Upper Miocene, Bikini. 
Ordovicina monostoma Eisenack, 123, p. 54, pl. 3, 
fig. 1. Silurian, Estland. 
Ozawainella? inflata Thompson, 373, p. 31, pl. 5, 
fig. 1-9. Wolfcampian, Texas and Arizona. 
PARABOULTONIA gen. nov. Skinner and 
Wilde, 351, p. 441. New genus of the family 
Fusulinidae, subfamily Boultoniinae. Geno- 
type: Paraboultonia splendens Skinner and 
Wilde, 1954, ut infra. Permian. 

—— splendens Skinner and Wilde, 351, p. 41, 
pl. 46, fig. 1-7; pl. 45, fig. 1-4. Permian, Texas. 

Peneroplis honestus Todd and Post, 380, p. 557, 
pl. 199, fig. 1. Miocene, Bikini. 

PHYLLOPSAMMINA gen. nov. Malecki, 253, 
p. 503. New genus of the family Lituolidae, 
subfamily Lituolinae. Genotype: Phyllop- 
sammina adanula Malecki, 1954, ut infra. 
Miocene. 

——adanula Malecki, 253, p. 512, pl. 13, fg. 
7-10. Miocene, Poland. 
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“1 chubutensis Camacho, 65, p. 32, pl. 6, 

Pla” Upper Cretaceous, Argentina. 

_* yichmanni Camacho, 65, p. 32, pl. 5, fig. 
2,3. Upper Cretaceous, Argentina. 

Planulina anglica Bowen, 51, p. 133, pl. A, fig. 
1-3. Eocene, London Clay, England. 

_— curviformis Camacho, 65, p. 32, pl. 6, fig. 
17. Upper Cretaceous, Argentina. 

_" jahotensis Fox, 142, p. 119, pl. 26, fig. 19-21. 
Cretaceous S. Dakota, Wyoming. 

Plectofrondicularta gracilis Rey, 335, p. 210, pl. 
12, fig. 4. Eocene, Moracco. (Published Janu- 


71955). 
Plewrostomeila subglobosa Rey, 335, p. 211, pl. 12, 


fig. 6. Oligocene, Morocco. (Published January 
5). , 

.. codyensis Fox, 142, p. 113, pl. 25, 
fig. 1-4. Cretaceous S. Dakota and Wyoming. 
For: Clavulina ? sp. Wickenden, 1932, Journ. 
Paleont., vol. 6, p. 205, pl. 29, fig. 5; and for: 
Polyphragma sp. Cushman, 1946, U.S. Geol. 
Surv. Prof. Pap. 206, p. 15, pl. 15, fig. 15,16. 
(Note: This species should be assigned to 
Coscinophragma Thalmann, 1951). 

PROCEROLAGENA gen. nov. Puri, 326, p. 104. 
New genus of the family Lagenidae. Genotype: 
Logena gracilis Williamson, 1848, Ann. Mag. 
Nat. Hist., (2) vol. 1, p. 13, pl. 1, fig. 5. Mio- 
cene to Recent. wee ; 

Profusulinella plummeri Skinner and Wilde, 351, 
p. 796, pl. 95, fig. 1-6. Early Pennsylvanian, 
Texas. (Published January 1955). 

Proteonina arrasensis Stelck and Wall, 361, p. 30, 
pl. 1, fig. 10,11. Upper Cretaceous, Western 
Canada. 

— ?eurekaensis Stelck and Wall, 361, p. 30, 
pl. 1, fig. 16. Upper Cretaceous Western Can- 
ada. 

Psammosphaera rugosa Eisenack, 123, p. 58, pl. 3, 
fig. 8-10. Silurian, Estland. 

Pseudoclavsulina euganea Proto Decima and 
Ferasin, 324, p. 247, pl. 11, fig. 2. Upper 
Eocene, Italy. 

Pseudodoliolina pseudolepida (Deprat, 1912) 
subsp. gravitesta Kanmera, 217, p. 12, pl. 2, 
fig. 1-6. Upper Permian, Japan. For: Doliolina 
lepida Gubler, 1935, Mém. Soc. géol. France, 
ns., vol. 11, fasc. 4, p. 95, pl. 4, fig. 4-7; pl. 5, 
fig. 14,15. 

Pseudofusulina loringi Thompson, 373, p. 69, pl. 
41, fig. 1-10. Wolfcampian, Arizona. 

— nelsoni (Dunbar and Skinner, 1937) subsp. 
opima Thompson, 373, p. 70, pl. 44, fig. 5,7—-11. 
Wolfcampian, Texas. (For synonymy see 
original paper). 

Pseudofusulina ? moranensis Thompson, 373, p. 
69, pl. 39, fig. 1-7; pl. 40, fig. 1-9. Wolfcampian, 
Texas and Kansas. 

— utahensis Thompson and Bissell, 373, p. 34, 
pl. 7, fig. 1-10. Wolfcampian, Utah. 

Pseudoglandulina tumida Bowen, 51, p. 157, pl. 
B, fig. 10. Eocene, London Clay, England. 

PSEUDOLITUONELLA gen. nov. Marie, 256, 
p. 117. New genus of the family Valvulinidae. 
Genotype: Pseudolituonella reicheli Marie, 


1954, ut infra. Upper Cretaceous. 
—reicheli Marie, 256, p. 117, text fig. 2. 
Cenomanian, Southern France. 
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Pseudoschwagerina convexa Thompson, 373, p. 
75, pl. 44, fig. 1-4; pl. 51, fig. 1-8. Wolfcampian, 
Texas. 

needhami Thompson, 373, p. 72, pl. 47, fig. 

7,8,11-17. Wolfcampian, New Mexico. 

rhodesi Thompson, 373, p. 73, pl. 50, fig. 1,2; 
pl. 51, fig. 9-11; pl. 52, fig. 1-6. Wolfcampian, 
New Mexico. 

PSEUDOTRIPLASIA gen. nov. Malecki, 253, 
p. 499. New genus of the family Lituolidae, 
subfamily Lituolinae. Genotype: Pseudotri- 
plasia elongata Malecki, 1954, ut infra. Miocene. 

elongata Malecki, 253, p. 511, pl. 12, fig. 3,4. 

Miocene, Poland. 

globulosa Malecki, 253, p. 511, pl. 13, fig. 5. 

Miocene, Poland. 

inconstans Malceki, 253, p. 511, pl. 12, fig. 2. 
Miocene, Poland. 

—— plana Malecki, 253, p. 510, pl. 12, fig. 1. 
Miocene, Poland. 

robusta Malecki, 253, p. 510, pl. 13, fig. 6. 
Miocene, Poland. 

Pullenia quinqueloba Reuss, 1851 subsp. minuta 
Feyling-Hanssen, 135, p. 133, pl. 2, fig. 3. Late 
Pleistocene, Norway. (Note: Preoccupied by 
Pullenia minuta Cushman, 1936, see Homo- 
nyma 1954. To be changed to Pullenia osloensis 
nom. nov. Hansen, according to letter dated 
March 15, 1954). 

Quinqueloculina urbana Malakhova, 251,, p. 59, 
pl. 1, fig. 11,12. Tournaisian, western Urals, 




















distorqueata Cushman, 94, p. 333, pl. 82, fig. 

27. Recent, Marshall Islands. 

pentagona Giunta, 152, p. 35, text fig. 2. 
Recent, Gulf of Genova, 75 and 125 m. 

Ramulina bullardae Frizzell, 143, p. 149. Upper 
Cretaceous, Texas. For: Ramulina novaculeata 
Bullard, 1953, (in part), Jour. Paleont., vol. 27, 
p. 346, pl. 46, fig. 26 (exclusive of Bullard’s 
synonymy). 

REICHELINA gen. nov. Marie, 256, p. 122. New 
genus of the family Vernuilinidae. Genotype: 
Reichelina prismatica Marie, 1954, ut infra. 
Upper Cretaceous (Senonian). (Note: Pre- 
occupied by Reichelina, Erk, 1941, see Homo- 
nyma 1954). 

prismatica Marie, 256, p. 123, text fig. 5. 
Senonian, France. 

Reophax encantoensis Ayala, Eternod and Cas- 
tell6, 27, p. 153. text fig. 1-3. Lower Miocene, 
Southeastern Mexico. 

irregularis F. L. Parker, 305, p. 483, pl. 1, 

fig. 9,10. Recent, Gulf of Mexico, 91 m. 

romanica Emiliani, 126, p. 156, pl. 25, fig. 9. 
Oligocene, Italy. 

Reussella szajnochae (Grzybowski, 1896) subsp. 
praecursor Klasz and Knipscheer, 223, p. 603, 
table fig. la—c. Santonian, Bavarian Alps. 

tricarinata Nyiré, 295, (publication not seen 
by compiler), illustr. Chattian, Hungary. 

Rhabdammina vaciva Emiliani, 126, p. 158, pl. 
25, fig. 11. Oligocene, Italy. For: Rhabdammina 
discreta var., Cushman and Renz, 1946, Cush- 
man Lab. Foram. Res., Spec. Publ. 18, p. 12, 
pl. 1, fig. 2,3. 

Robertina conatoi Martinis, 258, p. 172, pl. 6, fig. 
12,13. Pliocene, Italy. 
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Robulus bullatus (Hantken, 1875) var. carinatus 
Proto Decima and Ferasin, 324, p. 249, pl. 11, 
fig. 5. Upper Eocene, Italy. (Note: preoccu- 
pied by Plummer, 1926, and by Marks, 1951, 
see Homonyma 1954). 

limbosus (Reuss, 1863) subsp. chiriguanot 

Boltovskoy, 45, p. 143, pl. 5, fig. 1-5. Recent, 

Gulf of San Jorge, Argentina. 

cf. smileyi Kleinpell, 1938, var. pauciloculata 

Petri, 309, p. 59, pl. 3, fig. 3,4. Miocene, Brazil. 

sugotaensis Iwasa and Kikichu, 213, p. 191, 
text fig. 1. Miocene, Japan. 

Rotalia canalis Todd and Post, 380, p. 561, pl. 
200, fig. 4. Upper Miocene, Bikini. 

—— dukhani Smout, 355, p. 46, pl. 15, fig. 7. 
Paleocene, Qatar. 

floscula Todd and Post, 380, p. 561, pl. 200, 
fig. 5. Oligocene, Bikini. 

—— hensoni Smout, 355, p. 45, pl. 15, fig. 8. 
Paleocene, Qatar. 

tanosawaensis Iwasa and Kikuchi, 213, p. 

192, text fig. 7. Miocene, Japan. 

tectoria Todd and Post, 380, p. 561, pl. 202, 
fig. 2-4. Oligocene, Bikini. 

—— tuvuthaensis Kleinpell, 225, p. 61, pl. 7, fig. 
1-4. Neogene, Fiji. 

“Rotalia” beccarii (Linne, 1758) var. angulata 
Petri, 309, p. 106, pl. 9, fig. 10-12. Miocene, 
Brazil. (Note: preoccupied by Kuwano, 1950, 
see Homonyma 1954; re-named Streblus beccarit 
(Linne) var. mendesi Petri, 1955.) 

ROTALIELLA gen. nov. Grell, 159, p. 241. 
Family not stated. Genotype: Rotaliella 
heterocaryotica Grell, 1954, ut infra. Recent. 

—— heterocaryotica Grell, 159, p. 241, text fig. 
la,b. Recent, off Rovinjo, Yugoslavia. 

Rotalipora turonica Brotzen, 1942, subsp. thomei 
Hagn and Zeil, 172, p. 28, pl. 1, fig. 6; pl. 4, fig. 
5,6. Upper Cenomanian, Bavarian Alps. 

Rugidia ? spinosa Cushman, 94, p. 362, pl. 89, 
fig. 35-37. Recent, Marshall Islands. 

Sakesaria dukhani Smout, 355, p. 57, pl. 5, figs. 
4-12. Paleocene, Qatar. 

var. cordata Smout, 355, p. 58, 
pl. 5, fig. 13. Paleocene, Qatar. 

—— ornata Smout, 355, p. 58, pl. 5, figs. 14,15. 
Upper Paleocene, Qatar. 

Saracenaria akitaensis Iwasa and Kikichu, 213, 
p. 191, text fig. 3. Miocene, Japan. 

—— reesidei Fox, 142, p. 114, pl. 25, fig. 7~9. 
Cretaceous, S. Dakota and Wyoming. 

SCHLOSSERINA gen. nov. Hagn, 169, p. 18. 
New genus of the family Rotaliidae, subfamily 
Epistomininae. Genotype: Rosalina asterites 
Giimbel, 1868, Abhandl. math.-phys. Cl., K. 
Bayer, Akad. Wiss., vol. 10, 1868 (1870), p. 
658, pl. 2, fig. 101. Eocene. 

Schwagerina andresensis Thompson, 373, p. 60, 
pl. 31, fig. 1-16. Wolfcampian, New Mexico. 

——campa Thompson, 373, p. 54, pl. 25, fig. 
1-10. Wolfcampian, Kansas. 

—— campensis Thompson, 373, p. 57, pl. 26, fig. 
10; pl. 28, fig. 1-15. Wolfcampian, Texas. 

colemani Thompson, 373,, p. 51, pl. 24, fig. 

6-15. Wolfcampian, Texas. 

complexa Thompson, 373, p. 65, pl. 38, fig. 
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1-7; pl. 39, fig. 8,9. ampi 
a g Wolfcampian, Texas and 

—— elkoensis Thompson and Hansen 
pl. 35, fig. 1-9, ?14~—20. Wolfcampiae Ss, 

eolata Thompson, 373, p. 64, pl. 36, f 7 ry 

a, Texas. rng. 18. 

—— grandensis Thompson, 373, p. 
fg. a ‘et S ” fig. 15, 16; 7 pl ie 

-18; pl. 33, . 15. Wolf i 
=the ols . . campran, New 

—— jewetti Thompson, 373, p. 61, pl. 

13; pl. 30, fig. 1-9. Wolfcampian’ Kent’ - 

—— minuta Thompson, 373, p. 53, pl. 43. § 
1-10. Sa. Texas a 

—— neolata Thompson, 373, p. 65, pl. 

15. Wolfcampian, Texas. “as Pl. 36, fig. 9- 

—— pinosensis Thompson, 373, p. 58, pl. 33, f 
1-12, ?13-14. Wolfcampian, New Mexico,’ . 

—— pseudocrassa Kanmera, 217, p. 8, pl. 1 fi 

8-17; pl. 3, fig. 21. Upper Bermian, Janae 
(For synonymy see original paper), 

—— robleda Thompson, 373, p. 68, pl. 42 fig. 4~ 
11. Wolfcampian, New Mexico and Utah. 

—— vervillei Thompson, 373, p. 62, pl. 29, f 
1-14. Wolfcampian, Kansas. sha 

—— wellsensis Thompson and Hansen, 373 p 
64, pl. 32, fig. 1-6 ?7-9; pl. 34, fig. 1-12 
Wolfcampian, Nevada. 

~—— youngquisti Thompson and Hansen, 373 
p. 67, pl. 37, fig. 6-11. Wolfcampian, Nevada. 

Siderolites mbalavuensis Kleinpell, 225, p. 67 pl. 
7, fig. 9. Neogene, Fiji. = 

Sigmomorphina inovroclaviensis Bielecka and 
Pozaryski, 37, p. 63, pl. 9, fig. 47. Upper Malm 
Poland. 

—— translucida Camacho, 65, p. 33, pl. 6, fig. 8. 
Upper Cretaceous, Argentina. 

Siphogenerinoides uhli Petters, 310, p. 38, pl. 8, 
fig. 4,5. Campanian, Colombia. 

Sorosphaera geometrica Eisenack, 123, p. 61, pl. 
‘4, fig. 19,20; pl. 5, fig. 2-6; text fig. 1. Silurian, 
Gotland Island. 

Spirillina elongata Bielecka and Pozaryski, 37, 
p. 67, pl. 10, fig. 53. Upper Malm, Poland. 
Spiroloculina clara Cushman, 1932, var. lirata 
Cushman, 94, p. 335, pl. 84, fig. 10. Recent, 

Marshall Islands. 

——- —concava Petri, 309, p. 53, pl. 2, fig. 3+. 
Miocene, Brazil. (Note: Preoccupied by 
Wiesner, 1913, see Homonyma 1954; renamed 
Spiroloculina henbesti Petri 1955). 

—— marshallana Todd, 94, p. 335, pl. 84, fig. 8. 
Recent, Marshall Islands. 

Spiroplectammina apenninica Emiliani, 126, p. 
162, pl. 25, fig. 14-15. Oligocene, Italy. 

—— guttula Malakhova, 251, p. 59, pl. 1, fig 
17,18. Tournaisian, western Urals, USSR 

—— zigzag Petters, 310, p. 38, fig. 2,3. Lower 
Oligocene, Colombia. 

Stegnammina moremani Eisenack, 123, p. 63, pl 
2, fig. 13; pl. 3, fig. 2; pl. 5, fig. 7-10. Silurian, 
Gotland Island. 

Stensidina annae Pozaryska, 323, p. 265, text fig. 
24,25, Danian, Poland. 

STETSONIA gen. nov. F. L. Parker, 305, p. 534. 
New genus of the family Cassidulinidae. Geno- 
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type: Stetsonia minuta F. L. Parker, 1943, ut 
infra. Recent. 

_— minuta F. L. Parker, 305, p. 534, pl. 10, fig. 

27-29. Recent, Gulf of Mexico, 42 m. 

sULCORBITOIDES gen. nov. Bronnimann, 54, 

55. New genus of the family Orbitoididae. 
Penotype: Sulcorbitoides pardoi Bronnimann, 
1954, ut infra. Upper Cretaceous. : 

_— pardor Bronnimann, 54, p. 56, pl. 9, fig. 1-4; 
pl. 10, fig. 1-9; pl. 11, fig. 1-10. Upper Cre- 
taceous, Cuba and Texas. 

Textularia curta Petri, 309, p. 46, pl. 1, fig. 1,2. 
Miocene, Brazil. (Note: Preoccupied by Cush- 
man, 1922, see Homonyma 1954; re-named 
Textularia leinzi Petri, 1955). 

_—dupla Todd, 94, p. 329, pl. 83, fig. 6. Recent, 
Marshall Islands. ; 

—— marajoara Petri, 309, p. 47, pl. 1, fig. 3,4. 
Miocene, Brazil. ; 

——ovyi Bowen, 51, p. 166, pl. D, fig. 2,3. 
Eocene, London Clay, England. 

_— rollaensis Stelck and Wall, 361, p. 30, pl. 1, 
fig. 17. Upper Cretaceous, Western Canada. 
Thurammina asymmetrica Eisenack, 123, p. 64, 

pl. 4, fig. 4-6. Silurian pebble, Baltic States. 

TINOGULLMIA gen. nov. Nyholm, 294, p. 36. 
New genus of the family Allogromiidae. Geno- 
type: Tinogullmia hyalina Nyholm, 1954, ut 
infra. Recent. : 

— hyalina Nyholm, 294, p. 36, pl. 7, fig. 1-8. 
Recent, Gullmar Fiord, Sweden. 

Tournayella modesta Malakhova, 251, p. 55, pl. 2, 
fig. 6. Tournaisian, western Urals. } 

— questita Malakhova, 251, p. 54, pl. 2, fig. 3,5. 
Tournaisian, western Urals. 

— ? moellert Malakhova, 251, p. 55, pl. 2, fig. 
2,4. Tournaisian, western Urals. 

TRIASINA gen. nov. Majzon, 250, p. 368. New 
genus of the family Peneroplidae. Genotype: 
Triasina hantkeni Majzon, 1954, ut infra. (Pub- 
lication not seen by compiler). Triassic. 

— hantkeni Majzon, 250, (publication not seen 
by compiler), illustr. Triassic, Hungary. 

— —— — var. elliptica Majzon, 250, (Pub- 
lication not seen by compiler). Triassic, 
Hungary. 

Triloculina bikiniensis Todd, 94, p. 338, pl. 85, 
fig. 19. Recent, Marshall Islands. 

—earlandi Todd, 94, p. 338, pl. 85, fig. 3. 
Recent, Marshall Islands. For: Miliolina ter- 
quemiana Brady in Heron-Allen and Earland, 
1915, Zool. Soc. London, Trans., vol. 20, p. 563, 
pl. 41, figs. 26-28 (non figs. 29-31). 

— fusa Todd and Post, 380, p. 555, pl. 198, fig. 
8. Lower Miocene, Bikini. 

— involuta Todd, 94, p. 338, pl. 85, fig. 4. 
Recent, Marshall Islands. 

— marshallana Todd, 94, p. 339, pl. 85, fig. 13. 
Recent, Marshall Islands. 

— subplanciana Cushman, 94, p. 339, pl. 85, 
fig. 17. Recent, Marshall Islands. 

Tritaxia spiritensis Stelck and Wall, 361, p. 31, 
pl. 2, fig. 12-14. Upper Cretaceous, Western 
Canada. 

— —— —— var. elongata Stelck and Wall, 

361, p. 32, pl. 2, fig. 15. Upper Cretaceous, 
Western Canada. (Note: Preoccupied by Halk- 
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yard, 1919, see Homonyma 1954; renamed 
Tritaxia spiritensis var. prolongata Stelck and 
Wall, 1955.) 

Triticites cellamagnus Thompson and Bissell, 373, 
p. 43, pl. 10, fig. 14-17; pl. 11, fig. 1-12. Wolf- 
campian, Utah. 

—— confertus Thompson, 373, p. 38, pl. 8, fig. 
11-22. Wolfcampian, Texas and Kansas. 

——-— creekensis Thompson, 373, p. 42, pl. 9, fig. 
22-26; pl. 10, fig. 1-13. Wolfcampian, New 
Mexico. 

—— directus Thompson, 373, p. 38, pl. 8, fig. 1- 
10, ? 23-26. Wolfcampian, Texas. 

—— pointensis Thompson, 373, p. 37, pl. 9, fig. 
1-9. Wolfcampian, Kansas. 

—— rockensis Thompson, 373, p. 44, pl. 9, fig. 
10-21. Wolfcampian, Kansas. 

Trochammina kiskatinawensis Stelck and Wall, 
361, p. 32, pi. 1, fig. 12,13. Upper Cretaceous, 
western Canada. (Note: misspelled ‘‘kistatina- 
wensis’’). 

—— latumbilicata Stelck and Wall, 361, p. 33, 
pl. 1, fig. 14,15. Upper Cretaceous, western 
Canada. 

—— webbi Stelck and Wall, 361, p. 33, pl. 2, fig. 
11. Upper Cretaceous, western Canada. 

Trocholina solecensis Bielecka and Pozaryski, 37, 
p. 69, pl. 11, fig. 57. Upper Malm, Poland. 

Uvigerina canariensis Orbigny, 1839, var. lakem- 
baensis Kleinpell, 225, p. 54, pl. 2, fig. 13. 
Neogene, Fiji. 

Vaginulina chugokuensis Murata, 278, p. 73, pl. 1, 
fig. 3. Miocene, Japan. 

kujaviensis Bielecka and Pozaryski, 37, p. 
46, pl. 6, fig. 28. Upper Malm, Poland. 

——— zaglobensis Bielecka and Pozaryski, 37, 
p. 42, pl. 6, fig. 23. Upper Malm, Poland. 

— —— var. parallela Bielecka and Po- 
zaryski, 37, p. 45, pl. 6, fig. 27. Upper Malm, 
Poland. (Note: Preoccupied by Halkyard, 1919, 
see Homonyma 1954). 

Valvulammina marshallana Todd and Post, 380, 
p. 554, pl. 198, fig. 3. Miocene, Bikini. 

Valvulina ? prominens Todd and Post, 380, p. 
553, pl. 198, fig. 2. Miocene, Bikini. 

Valvulineria barnardi Bowen, 51, p. 165, pl. C, 
fig. 16-18. Eocene, London Clay, England. 

—— mexicana F. L. Parker, 305, p. 526, pl. 9, 
fig. 1-3. Recent, Gulf of Mexico, 373 m. For: 
Valvulineria cf. araucana (Orbigny) in Phleger 
and Parker, 1951, Mem. Geol. Soc. America, 
vol. 46, pt. 2, p. 25, pl. 13, fig. 7,8. 

—— minuta F. L. Parker, 305, p. 527, pl. 9, fig. 
4-6. Recent, Gulf of Mexico, 274 m. 

Vaughanina barkeri Bronnimann, 56, p. 103, pl. 
18, fig. 1,2.; text fig. 10. Upper Cretaceous, 
Southeast Mexico. For: Vaughanina cubensis 
Palmer in Barker and Grimsdale, 1937, Ann. 
Mag. Nat. Hist., (10), vol. 19, p. 173. 

Virgulina loeblichi Feyling-Hanssen, 136, p. 191, 
pl. 1, fig. 14-18, text fig. 3. Late Pleistocene, 
Norway. (for synonymy see original publica- 
tion). 

riggit Boltovskoy, 45, p. 186, pl. 11, fig. 15; 

pl. 12, fig. 7-11. Recent, Gulf of San Jorge, 

Argentina. 
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Vitriwebbina biosculata Frizzell, 143, p. 158, pl. 
15, fig. 7. Upper Cretaceous, Texas. 

VOORTHUYSENIA gen. nov. Hofker, 191, p. 
169. New genus of the family Epistomariidae. 
Genotype: Epistomina tenuicostata Barten- 
stein, 1951, Abhandl. Senckenberg. Natur- 
forsch. Ges., vol. 485, p. 327, pl. 12-a, fig. 325. 
Middle Jurassic to Lower Cretaceous. 

brandi Hofker, 191, p. 183, text fig. 13-16. 
Dogger, Germany. 

— pachyderma Hofker, 191, p. 185, text fig. 
17. Dogger, Germany. 

parafavosoides Hofker, 191, p. 186, text fig. 
18. Lower Cretaceous, Germany. 

WHEELERELLA gen. nov. Petters, 310, p. 38. 
New genus of the family Ellipsoidinidae, sub- 
family Wheelerellinae Petters, 1954, ut infra. 
Genotype: Wheelerella magdalenaensis Petters, 
1954, ut infra. Upper Cretaceous. 

—— magdalenaensis Petters, 310, p. 39, pl. 8, 
fig. 6-8. Coniacian, Colombia. 

WHEELERELLINAE subfam. nov. Petters, 
310, p. 39. Includes the genera: Wheelerella 
Petters, 1954, ut supra, and possibly also 
Ellipsolingulina Silvestri, 1907. 

Yabeina gubleri Kanmera, 217, p. 19, pl. 4, fig. 
1-10, ? 11, 12-13. Upper Permian, Japan. 








NOMINA NOVA 1954 

Bolivina usensis nom. nov. Conato, 88, p. 38. 
New name for Bolivina ornata Conato, 
1953, Boll. Serv. Geol. Italia, vol. 74, p. 161, 
pl. 1 (non Bolivina advena Cushman var. 
ornata Cushman, 1925, Contr. Cushman Lab. 
Foram. Res., vol. 1, p. 29, pl. 5, fig. 2). Plio- 
cene, Italy. 

Bulimina subtruncana nom. nov. Hagn, 169, p. 
17. Eocene Bavaria. New name for Bulimina 
truncana (Giimbel) in Cushman and F. L. 
Parker, 1947, U. S. Geol. Surv. Prof. Pap. 210- 
D, pl. 21, fig. 7,8. 

Cibicides mexicanus (Nuttall, 1932) var. dertonen- 
sis nom. nov. Ruscelli, 345, p. 256. New name 
for Cibicides mexicanus (Nuttall, 1932) var. 
miocenicus Ruscelli, 1953, Riv. Ital. Paleont. 
e Strat., Mem. VI, p. 158, pl. 7, fig. 1-3, (non 
Cibicides floridanus (Cushman, 1918) var. 
miocenicus Colom, 1945, Estud. Geol. No. 3, 
Inst. ‘‘Lucas Mallada”’ Madrid, p. 173, pl. 12, 
fig. 248, etc.). 

Dorothia fallax nom. nov. Hagn, 169, p. 16. 
Eocene, Bavaria. New name for Dorothia sub- 
glabra (Giimbel) in Cushman, 1937, Cushman 
Lab. Foram. Res., Spec. Publ., 8, p. 86, pl. 9, 
fig. 13,14. 

Fissurina siciliensis nom. nov. Loeblich and 
Tappan, 246, p. 384. New name for Fissurina 
marginata Seguenza, 1862, Foram. Monotalam. 
Mioc. Messina, p. 66, pl. 2, fig. 27,28 (non 
Vermiculum marginatum Montagu, 1803, 
Testac. Britannica, p. 524). 

Nodosaria cornus nom. nov. Emiliani, 126, p. 147. 
Oligocene, Italy. New name for Nodosaria 
corniculum Costa, 1856, Accad. Pont. Napoli, 
Atti, vol. 7, p. 370, pl. 27, fig. 14 [non Dentalina 
(Nodosaria) cornicula Orbigny, 1826, Ann. 
Sci. Nat., vol. 7, p. 255, No. 47) 
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Nonion paralium nom. nov. Tintant, 
pl. 2, fig. 1. Astian, Turkey, Reoeat ap, 18 
and Mediterranean Sea. New nme ‘on 
Nonionina depressula (Walker and Jacob) i, 
Brady, 1884, Challenger Repts., Zool bi - 
p. es pl. 109, fig. 6. iat 
Oolina borealis nom. nov. Loeblich an 
246, p. 384. New name for pede mb — 
Williamson, 1858, Rec. Foram. Great Britain 
. #. i fig. pA age Oolina costata oe 
57, N. Jahrb. Min. etc., p. 269 ‘ 
9-1 1). p ’ pl. 5, figs, 
PIJPERSIA nom. nov. Thalmann, 369, p, 153 
New name for Ruttenia Pijpers, 1933 non 
Ruttenia Rodhain, 1924. Genotype: Bonsires 
coronaeformis Pijpers, 1933. Eocene. . 
Quinqueloculina norvangi nom. nov. Boltovskoy 
45, p. 126, pl. 1, fig. 13. Recent, Gulf of San 
Jorge, Argentina. New name for Quinquelocy. 
lina nitida Norvang, 1945, Zool. Iceland, vol, ? 
pt. 2, p. 7, text fig. 1. [non Triloculina (Quingue. 
loculina) nitida Orbigny, 1839, in Barker 
Webb and Berthelot, Hist. Nat. Iles Canaries 
vol. 2, pt. 2, Foram., p. 141, pl. 3, fig. 22-24] 
Spiroloculina bornemanni nom. nov. Enilianj 
126, p. 161. Oligocene, Italy. New name for: 
Spiroloculina limbata  Bornemann, 1855 
Zeitschr. Deutsche Geol. Ges., vol. 7, p. 348 
pl. 19, fig. 1 (non Spiroloculina limbata Orbigny 
1826, Ann. Sci. Nat., vol. 7, p. 299, No. 12): 
(Note: Bornemann’s species has been regarded 
by Cushman, 1944, Spec. Publ. 11, Cushman 
Lab. Foram. Res., p. 22, as a synonym of 
Spiroloculina canaliculata Orbigny, 1846), 
concava nom. nov. Petri, 309, p. 53, pl. 2, 
fig. 3-6. Miocene, Brazil. New name for Spiro. 
loculina planulata (Lamarck) in Cushman, 
1929, U.S. Nat. Mus., Bull. 104, pt. 6, p. 41, pl. 
8, fig. 2-5. (Note: Petri’s new name is pre- 
occupied by Wiesner, 1913, see Homonyma 
1954. It has since been renamed: Spiroloculina 
henbesti nom. nov. Petri, 1955.) 





HOMONYMA 1954 


Bolivina lanceolata F. L. Parker, 305, p. 514, pl.7, 
fig. 17-20, Recent, Gulf of Mexico, preoccu- 
pied by Bolivina lanceolata Napoli Alliata, 
1952, Riv. Ital. Paleont. e Strat., vol. 58, p. 
98, pl. 5, fig. 10, Pleistocene, Italy. Changed 
to Bolivina daggarius F. L. Parker, 1955. 

Elphidium ? limbatus Petri, 309, p. 75, fig. 1,2. 
Miocene, Brazil; preoccupied by Elphidium 
macellum (Fichtel and Moll) var. limbatum 
(Chapman, 1907), Jour. Queckett Micr. Club. 
(2), vol. 10, p. 142, pl. 10, fig. 9. Renamed 
Elphidium ? toddae Petri, 1955. 

Nodosaria subcanaliculata (Neugeboren) var. 
spinescens Bowen, 51, p. 155, pl. B, fig. 9, 
Eocene, London Clay, England, preoccupied 
by Nodosaria (Dentalina) spinescens Reuss, 
1865, Denkschr. k. k. Akad. Wiss. Wien, vol. 
25, p. 135, pl. 2, fig. 23 from Middle Oligocene 
of Germany. Renamed: Nodosaria neospines- 
cens Bowen, 1955. 

Pullenia quinqueloba Reuss, 1851, subsp. minuto, 
Feyling-Hanssen, 135, p. 133, pl. 2, fig. 3, Late 
Pleistocene of Norway, preoccupied by Pu 
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minuta Cushman, 1936, Contr. Cushman 


= Foram. Res., vol. 12, p. 77, pl. 13, fig. 7 


Upper Cretaceous of Texas. Will be 
to Pullenia osloensis Feyling-Hanssen, 
according to letter dated March 15, 1954. 

REICHELINA Marie, 256, p. 122, from the 
Upper Cretaceous is preoccupied by Reichelina 
Erk, 1941, Eclogae Geol. Helvetiae, vol. 34, p. 
249, a fusuline genus. 

Robulus bullatus (Hantken) var. carinatus Proto 
Decima and Ferasin, 324, p. 249, pl. 11, fig. 5, 
Eocene, Italy, is preoccupied by a) Robulus 
midwayensis (Plummer) var. carinatus Plum- 
mer, 1926, and b) Robulus clericit (Fornasini, 
1901) var. carinatus Marks, 1951. 

“Rotalia”’ beccartit (Linne) var. angulata Petri, 
309, p. 106, pl. 9, fig. 10-12, Miocene, Brazil, 
is preoccupied by Rotalia ketienziensis (Ishi- 
zaki, 1943) var. angulata Kuwano, 1950, Jour. 
Geol. Soc. Japan, vol. 46, p. 312, text fig. 1,9. 
Changed to Streblus beccariit (Linne) var. 
mendesi Petri, 1955. 

Spiroloculina concava Petri, 309, p. 53, pl. 2, fig. 
3-6, Miocene, Brazil, is preoccupied by Spiro- 
loculina acuta Brady var. concava Wiesner, 
1913, according to Heron-Allen and Earland, 
1916, Trans. Linn. Soc. London (2), Zool., vol. 
11, pt. 13, p. 208, pl. 39, fig. 1-3. Changed to 
Spiroloculina henbesti Petri, 1955. 

Textularia curta Petri, 309, p. 46, pl. 1, fig. 12. 
Miocene, Brazil, is preoccupied by Textularia 
intii Cushman var. curta Cushman, 1922, 
Bull. U. S. Nat. Mus., vol. 104, p. 14, pl. 2, 
fig. 2,3; changed to Textularia leinzi Petri, 
1955. 


from 


Tritaxia spiritensis Stelck and Wall subsp. 
elongata Stelck and Wall, 361, p. 32, pl. 2, fig. 
15, Upper Cretaceous of western Canada, is 
preoccupied by Tritaxia elongata Halkyard 
1917, Manchester Lit. Phil. Soc., Proc. and 
Mem., vol. 62 (1917), Manchester 1919, p. 35, 
pl. 3, fig. 9 from the Eocene of Biarritz, France. 
Renamed: Tritaxia spiritensis Stelck and Wall 
subsp. prolongata Stelck and Wall, 1955. 

Vaginulina zaglobensis Bielecka and Pozaryski 
var. parallela Bielecka and Pozaryski, 37, p. 
45, pl. 6, fig. 27 from Upper Jurassic of 
Poland is preoccupied by Vaginulina recta 
Reuss, 1863, var. parallela Halkyard, 1917, 
Mem. Proc. Manchester Lit. Phil. Soc., Man- 
chester 1919, vol. 62, p. 82, pl. 5, fig. 5,6 from 
the Eocene of Biarritz, France. 


NOMINA NUDA 1954 


Until evidence is available that the following 
names have duly been proposed in accordance 
with the International Rules of Zoological No- 
menclature, they are, herewith, regarded as 
nomina nuda: 

In Kihara, Murata and Sugahara, 222, p. 457: 
Gyroidina sechibaruensis n. sp. and Spiroplectam- 

mina kitamatsuraense n. sp. 

In Toriyama, 385, on various pages: 

Fusulinella subsphaerica n.sp.; Nankinella naga- 
loensis_n.sp.; Parafusulina pseudojaponica 
n. sp.; Profusulinella beppensis n. sp.; Pseudo- 
fusulina vulgaris megasphaerica n. var.; Pseudo- 


fusulina kraffti magna n. var.; Staffella akagoen- 
sis n. sp.; Schwagerina okafujii n. sp; Schwa- 
gerina etoi n. sp.; Schwagerina kyowaensis n. sp.; 
Schwagerina japonica n. sp.; Triticites isaensis 
n. sp.; Triticites obai n. sp.; Triticites michiae 
n. sp.; Triticites tantula n. sp.; Triticites kuroi- 
waensis n. sp., and Yabeina pinguis n. sp. 

In Stelck and Wall, 361, the following nomina 
nuda are listed: 

Ammobaculites gravenori, A. spiritensis, Ammo- 
marginulina lorangerae, Dorothia kaskapauensis 
D. kaskapauensis var. gracilis, Flabellammina 
kaskapauensis, F. irenensis, F. warreni, F. 
webbt, Gaudryina irenensis, G. spiritensis, 
Haplophragmoides collyra var. bahani. H. pa- 
calis, H. crickmayi, H. eocalcula, Spiroplectam- 
mina phauloides, Textularia gravenori, Tro- 
chammina rutherfordi, T. wetiert and Verneuili- 
noides perplexa var. gleddiei. (Note: All these 
nomina nuda are validated by Stelck and Wall 
in 1955.) 


NOMENCLATURA APERTA 1954 


Alveolophragmium sp. Parker, 305, p. 488, pl. 1, 
fig. 22. Recent, Gulf of Mexico. 

Ammobaculites n. sp. Emiliani, 126, p. 106, pl. 21, 
fig. 2. Oligocene, Italy. 

—— sp. A Parker, 305, p. 489, pl. 2, fig. 7,8. 
Recent, Gulf of Mexico. 

sp. B Parker, 305, p. 489, pl. 2, fig. 6. 
Recent, Gulf of Mexico. 

Ammodiscus sp. Wilson, 412, p. 131, pl. 12, fig. 3. 
Oligocene, California. 

Ammoglobigerina sp. Emiliani, 126, p. 108, pl. 21, 
fig. 4. Oligocene, Italy. 

Ammovertella sp. Emiliani, 126, p. 109, pl. 21, fig. 
5. Oligocene, Italy. 

Anomalina Biswas, 39, pl. 94, fig. 11. Eocene, 
Assam. 

n. sp. 1 Emiliani, 126, p. 110, pl. 21, fig. 8. 

Oligocene, Italy. 

n. sp. 2 Emiliani, 126, p. 110, pl. 21, fig. 6. 

Oligocene, Italy. 

(?) sp. Kleinpell, 225, p. 73, pl. 10, fig. 2. 
Neogene, Fiji. 

Archatas ? sp. Todd and Post, 380, p. 557, pl. 202, 
fig. 6,7. Miocene, Bikini. 

Bathysiphon ? sp. Eisenack, 123, p. 56, pl. 4, fig. 
21. Silurian, Baltic States. 

n. sp. 1 Emiliani, 126, p. 112, pl. 21, fig. 10. 

Oligocene, Italy. 

n. sp. 2 Emiliani, 126, p. 112, pl. 21, fig. 9. 
Oligocene, Italy. 

——  n. sp. 3 Emiliani, 126, p. 112, pl. 21, fig. 11. 
Oligocene, Italy. 

Bigenerina sp. Cushman, Todd and Post, 94, p. 
330, pl. 83, fig. 12. Recent, Marshall Islands. 
sp. Fox, 142, p. 112, pl. 24, fig. 9. Creta- 

ceous, Dakota-Wyoming. 

Bitubulogenerina sp. Cushman, Todd and Post, 
94, p. 354, pl. 88, fig. 11. Recent, Marshall Is- 
lands. 

Bolivina sp. Chang, 70, p. 113, pl. 3, fig. 12. 
Oligocene, Taiwan. 

sp. Parker, 305, p. 518, pl. 7, fig. 25. Recent, 

Gulf of Mexico. 
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—— sp. Petri, 309, p. 94, pl. 7, fig. 5,6. Miocene, 
Brazil. 

—— sp. ‘“‘A’’ Boltovskoy, 46, p. 283, pl. 26, fig. 
9, Recent, off Argentina. 

Bolivinoides sp. Reiss, 333, p. 157, pl. 29, fig. 11. 
Cretaceous, Israel. 

Bulimina sp. Chang, 70, p. 113, pl. 3, fig. 9. 
Oligocene, Taiwan. 

—— (?) sp. Wilson, 412, p. 139, pl. 15, fig. 13. 
Oligocene, California. 

Carpenteria sp. Cushman, Todd and Post, 94, 
p. 373, pl. 82, fig. 15. Recent, Marshall Islands. 

Cassidulina n. sp. Emiliani, 126, p. 113, pl. 21, 
fig. 13. Oligocene, Italy. 

Cassidulinoides sp. A Higuchi, 188, Pliocene, 
Japan. 

Cibicides n. sp. 1 Emiliani, 126, p. 116, pl. 21, fig. 
14. Oligocene, Italy. 

—— n. sp. 2 Emiliani, 126, p. 116, pl. 21, fig. 15. 
Oligocene, Italy. 

n. sp. 3 Emiliani, 126, p. 116, pl. 21, fig. 16. 
Oligocene, Italy. 

—— (?) sp. Wilson, 412, p. 145, pl. 17, fig. 9. 
Oligocene, California. 

Cibicidina sp. Cushman, Todd and Post, 94, p. 
372, pl. 91, fig. 32. Recent, Marshall Islands. 
—— n. sp. Emiliani, 126, p. 117, pl. 21, fig. 17. 

Oligocene, Italy. 

Cibicidoides sp. Kleinpell, 225, p. 76, pl. 10, fig. 6. 
Neogene, Fiji. 

Clavulinoides sp. Chang. 70, p. 107, pl. 1, fig. 4,5. 
Oligocene, Taiwan. 

Conicospirillina sp. Cushman, Todd and Post, 
94, p. 357, pl. 88, fig. 39. Recent, Marshall 
Islands. 

Cornuspira sp. Petri, 309, p. 58, pl. 2, fig. 20,21. 
Miocene, Brazil. 

Cribrobulimina ? sp. Petri, 309, p. 50, pl. 1, fig. 
10,11. Miocene, Brazil. 

Cycloloculina sp. Todd and Post, 380, p. 564, pl. 
200, fig. 6. Miocene, Bikini. 

Cymbalopora sp. Kleinpell, 225, p. 68, pl. 9, fig. 1. 
Neogene, Fiji. 

Dentalina n. sp. Emiliani, 126, p. 119, pl. 22, fig. 
3. Oligocene, Italy. 

sp. Fox, 142, p. 116, pl. 25, fig. 15. Creta- 
ceous, Dakota and Wyoming. 

—— sp. Camacho, 65, p. 33, pl. 5, fig. 4. Upper 
Cretaceous, Argentina. 

-—— sp. Camacho, 65, p. 33, pl. 6, fig. 14. Upper 
Cretaceous, Argentina. 

——sp. A Puri, 326, p. 100, pl. 6, fig. 6,7. 
Miocene, Florida. 

—— sp. B Puri, 326, p. 100, pl. 6, fig. 8,9. 
Miocene, Florida. 

—— ? sp. Chang, 70, p. 111, pl. 2, fig. 20. Oli- 
gocene, Taiwan. 

Dentalinoides sp. Emiliani, 126, p. 119, pl. 22, fig. 
5. Oligocene, Italy. 

Discorbis sp. Petri, 309, p. 101, pl. 8, fig. 11-13. 
Miocene, Brazil. 

—— sp. ‘‘A” Boltovskoy, 45, p. 203, pl. 15, fig. 4. 
Recent, off Argentina. 

sp. “A” Boltovskoy, 46, p. 286, pl. 27, fig. 
2. Recent, off Argentina. 

Dorothia n. sp. 1 Emiliani; 126, p. 120, pl. 22, fig. 
6. Oligocene, Italy. 
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—— n. sp. 2]Emiliani, 126, p. 121 
Oligocene, Italy. P » Pl. 22, fig. 7 


—— n. sp. 3 Emiliani, 126, p. 121, pl. 22, fig, g 


Oligocene, Italy. 


Dunbarula ? sp. Kanmera. 217, p. 7, pl. 3 fig. 8 ?. 


9-11,20. Permian, Japan. 
Dyocibicides sp. Petri, 309, p. 140 

13-15. Miocene, Brazil. , » Pl. 14, fig 
Ellipsoglandulina n. sp. 1 Emiliani, 12 

pl. 22, fig. 13. Oligocene, Italy. + 126, p. 121, 


poe n. sp. 2 Emiliani, 126, p. 122, pl. 22, fig. 14 


Oligocene, Italy. 
—— n. sp. 3 Emiliani, 126, p. 122, pl, 22 ‘ 
Oligocene, Italy. . Pl. 22, fig. 15, 


Ellipsolagena n. sp. 1 Emiliani, 126, p, 122, pl. 22 


fig. 16. —5""" Italy. 

—— n. sp. 2 Emiliani, 126, p. 122, pl, 2 
eae, a A P pr. 22, fig. 17 

—— n. sp. miliani, 126, p. 122, pl. 2 
Oligocene, Italy. J PI. 22, fig. 18. 

——n. sp. 4 Emiliani, 126, p. 123, pl. 22 
Oligocene, we 4 Pe. ot, Be, 8, 
—n. sp. 5 Emiliani, 126, p. 123, pl. 22 
Oligocene, Italy. pr. 22, fig. 20 

Ellipsolingulina n. sp. Emiliani, 126, p. 123 pl. 22 
fig. 12. Oligocene, Italy. — 

Ellipsonodosaria (?) sp. Wilson, 412, p. 141 pl 
16, fig. 6. Oligocene, California. ~ 

Ellipsopleurostomella (?) sp. Wilson, 412, p. 141 
pl. 16, fig. 5. Oligocene, California. 

Elphidium sp. Petri, 309, p. 81, pl. 6, fig. 1,2 
Miocene, Brazil. : 

Epistominella sp. Cushman, Todd and Post, 94 
p. 365, pl. 90, fig. 21. Recent, Marshall Islands 

Epenides n. sp. 1 Emiliani, 126, p. 125, pl. 22 
fig. 22. Oligocene, Italy. 

—— n. sp. 2 Emiliani, 126, p. 126, pl. 22, fig. 23, 
Oligocene, Italy. 

——n. sp. 3 Emiliani, 126, p. 126, pl. 23, fig. 1, 
Oligocene, Italy. 

—— n. sp. 4 Emiliani, 126, p. 126, pl. 23, fig. 2 
Oligocene, Italy. 

——n. sp. 5 Emiliani, 126, p. 126, pl. 23, fig. 3. 
Oligocene, Italy. 

Eponides sp. Kleinpell, 225, p. 60, pl. 4, fig. 4. 
Neogene, Fiji. 

sp. Kleinpell, 225, p. 60, pl. 6, fig. 2 
Neogene, Fiji. 

Fissurina n. sp. 1 Emiliani, 126, p. 127, pl. 23, 
fig. 4. Oligocene, Italy. 

——n. sp. 2 Emiliani, 126, p. 127, pl. 23, fig. 5. 
Oligocene, Italy. 
—n. sp. 3 Emiliani, 126, p. 127, pl. 23, fig. 6. 
Oligocene, Italy. 

—— sp. Petri, 309, p. 68, pl. 4, fig. 1,2. Miocene, 
Brazil. 

—— sp. “A” Boltovskoy, 46, p. 270, pl. 23, fig. | 
Recent, off Argentina. 

—— sp. A Cushman, Todd and Post, 9, p. 351, 
pl. 87, fig. 23. Recent, Marshall Islands. 

—— sp. B Cushman, Todd and Post, 94, p. 352, 
pl. 87, fig. 33. Recent, Marshall Islands. 

—— sp. C Cushman, Todd and Post, 94, p. 352 
pl. 87, fig. 34. Recent, Marshall Islands. 

Flabellammina sp. 1 Fox, 142, p. 111, pl. 24, fig.6 
Cretaceous, Dakota and Wyoming. 
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2 Fox, 142, p. 111, pl. 24, fig. 7. Creta- 
‘Dakota and Wyoming. 


— sp 


ceous: Fox, 142, p. 111, pl. 24, fig. 8. Creta- 


— sp. 
kota and Wyoming. 
aiiisanincpeis tetracarinatus Malecki var 
a Malecki, 251, p. 109, pl. 5, fig. 11. Dogger, 
be Malecki vzr a Malecki, 251, 


|. 5, fig. 4,5. Dogger, Poland. 

eee rer, B Mac, 04, ». 198, ol. 3, 

fig. 10; pl. 4, fig. 13,17,18; pl. 5, fig. 1. Dogger, 

we Malecki var. a Malecki, 251, p. 
106, pl. 4, fig. 10. Dogger, Poland. 

__ / —— var. B Malecki, 251, p. 106, pl. 3, 
fig. 11; pl. 4, fig. 11. Dogger, Poland. 

_- ——— var. y Malecki, 251, p. 107, pl. 4, 

9, Dogger, Poland. 

nde ? = Chang, 70, p. 109, pl. 2, fig. 9. 
Oligocene, Taiwan. 

Frondicularia sp. Fox, 142, p. 118, pl. 26, fig. 7. 
Cretaceous, Dakota and Wyoming. 

— sp. Oberhauser, 296, p. 204, text fig. 5. 
Liassic, Turkey. 

—sp. Oberhauser, 296, p. 204, text fig. 5. 
Liassic, Turkey. ; 

— sp. Petri, 309, p. 62, pl. 3, fig. 9. Miocene, 
Brazil. 

Fusulina new species Alexander, 7, p. 44, pl. 2, 
fig. 17. Pennsylvanian, Oklahoma. 

— sp. 1 Skinner and Wilde, 351, p. 450, pl. 50, 
fig. 1,3,5. Permian, Texas. 

— sp. 2 Skinner and Wilde, 351, p. 449, pl. 39, 
fig. 2,4. Permian, Texas. 

— sp. 3 Skinner and Wilde, 351, p. 448, pl. 48, 
fig. 3,4. Permian, Texas. 

Fusulinella new species Alexander, 7, p. 18, pl. 1, 
fig. 4-7. Pennsylvanian, Oklahoma. 

Gaudryina (?) sp. Wilson, 412, p. 133, pl. 13, fig. 
1. Oligocene, California. 

Globigerina n. sp. 1 Emiliani, 126, p. 130, pl. 23, 
fig. 8. Oligocene, Italy. 

—n. sp. 2 Emiliani, 126, p. 130, pl. 23, fig. 7. 
Oligocene, Italy. 

—n. sp. 3 Emiliani, 126, p. 131, pl. 23, fig. 9. 
Oligocene, Italy. 

—n.sp. 4 Emiliani, 126, p. 131, pl. 23, fig. 11. 
Oligocene, Italy. 

—n. sp. 5 Emiliani, 126, p. 131, pl. 23, fig. 12. 
Oligocene, Italy. 

—sp. Bolli, 43, p. 2, text fig. 8. Pliocene, 
Panama. 

—sp. Petri, 309, p. 122, pl. 12, fig. 8,9. 
Miocene, Brazil. 

—?sp. Cushman, Todd and Post, 94, p. 368, 
pl. 91, fig. 3. Recent, Marshall Islands. 

— (?) sp. Kleinpell, 225, p. 70, pl. 9, fig. 9. 
Neogene, Fiji. 

Globigerinoides sp. Petri, 309, p. 126, pl. 12, fig. 
14. Miocene, Brazil. 

Globorotalia Biswas, 39, pl. 94, fig. 10. Eocene, 
Assam. 

— sp. Petri, 309, p. 131, pl. 13, fig. 10,11. 
Miocene, Brazil. 

Cloborotalites n. sp. Emiliani, 126, p. 131, pl. 23, 
fig. 13. Oligocene, Italy. 
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Glomospira n. sp. Emiliani, 126, p. 135, pl. 24, fig. 
1. Oligocene, Italy. 

Guttulina sp. Wilson, 412, p. 137, pl. 15, fig. 5. 
Oligocene, California. 

Gyroidina n. sp. 1 Emiliani, 126, p. 137, pl. 24, fig. 
3. Oligocene, Italy. 

n. sp. 2 Emiliani, 126, p. 137, pl. 24, fig. 5. 
Oligocene, Italy. 

—— n. sp. 3 Emiliani, 126, p. 138, pl. 24, fig. 7. 
Oligocene, Italy. 

——  n. sp. 4 Emiliani, 126, p. 138, pl. 24, fig. 8. 
Oligocene, Italy. 

n. sp. 4 Emiliani, 126, p. 138, pl. 24, fig. 8. 
Oligocene, Italy. 

Gyroidinoides sp. Teri, 309, p. 109, pl. 9, fig. 4-6. 
Miocene, Brazil. 

Haplophragmoides n. sp. 1 Emiliani, 126, p. 141, 
pl. 24, fig. 9. Oligocene, Italy. 

—— n. sp. 2 Emiliani, 126, p. 141, pl. 24, fig. 10. 
Oligocene, Italy. 

n. sp. 3 Emiliani, 126, p. 141, pl. 24, fig. 11. 

Oligocene, Italy. 

sp. Fox, 142, p. 111, pl. 24, fig. 4,5. Creta- 

ceous, Dakota and Wyoming. 

sp. Wilson, 412, p. 131, pl. 12, fig. 4. 
Oligocene, California. 

Heronallenia sp. Cushman, Todd and Post, 94, 
p. 359, pl. 89, fig. 18. Recent, Marshall 
Islands. 

Hormosina sp. Parker, 305, p. 484, pl. 1, fig. 8. 
Recent, Gulf of Mexico. 

Karreriella sp. Chang, 70, p. 108, pl. 1, fig. 20. 
Oligocene, Taiwan. 

Lagena n. sp. 1 Emiliani, 126, p. 144, pl. 24, fig. 
13. Oligocene, Italy. 

——  n. sp. 2 Emiliani, 126, p. 144, pl. 24, fig. 14. 
Oligocene, Italy. 

——  n. sp. 3 Emiliani, 126, p. 144, pl. 24, fig. 15. 
Oligocene, Italy. 

—— sp. Camacho, 65, p. 33, pl. 6, fig. 7. Upper 
Cretaceous, Argentina. 

sp. Petri, 309, p. 64, pl. 3, fig. 14,15. 
Miocene, Brazil. 

Laticarinina sp. Petri, 309, p. 134, pl. 14, fig. 8,9. 
Miocene, Brazil. 

Lenticulina Biswas, 39, pl. 94, fig. 6,7. Eocene, 
Assam. 

—— species Feyling-Hanssen, 136, p. 191, pl. 1, 
fig. 11-13. Pleistocene, Norway. 

Loxostomum ? sp. Camacho, 65, p. 34, pl. 6, fig. 
22. Upper Cretaceous, Argentina. 

Marginulina Biswas, 39, pl. 94, fig. 8,9. Eocene, 
Assam. 

sp. Oberhauser, 296, p. 204, fig. 6. Liassic, 

Turkey. 

sp. 1 Fox, 142, p. 115, pl. 25, fig. 11. Cre- 

taceous, Dakota and Wyoming. 

sp. 2 Fox, 142, p. 115, pl. 25, fig. 10,12. 
Cretaceous, Dakota, Wyoming. 

Nankinella sp. Thompson, 373, p. 32, pl. 5, fig. 
10. Permian, Nevada. 

Nodosarella n. sp. 1 Emiliani, 126, p. 146, pl. 22, 
fig. 21. Oligocene, Italy. 

n. sp. 2 Emiliani, 126, p. 146, pl. 24, fig. 16. 
Oligocene, Italy. 

Nodosaria n. sp. 1 Emiliani, 126, p. 149, pl. 24, 
fig. 17. Oligocene, Italy. 
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n. sp. 2 Emiliani, 126, p. 149, pl. 24, fig. 18. 
Oligocene, Italy. 

—— sp. A Cushman, Todd and Post, 94, p. 344, 
pl. 86, fig. 11. Recent, Marshall Islands. 

—— sp. B Cushman, Todd and Post, 94, p. 344, 
pl. 86, fig. 12. Recent, Marshall Islands. 

—— sp. C Cushman, Todd and Post, 94, p. 344, 
pl. 86, fig. 13. Recent, Marshall Islands. 

Nonion n. sp. 1 Emiliani, 126, p. 150, pl. 24, fig. 
19. Oligocene, Italy. 

—— n. sp. 2 Emiliani, 126, p. 150, pl. 24, fig. 20. 
Oligocene, Italy. 

n. sp. 3 Emiliani, 126, p. 150, pl. 24, fig. 21. 
Oligocene, Italy. 

Nonionella n. sp. Emiliani, 126, p. 150, pl. 25, 
fig. 1. Oligocene, Italy. 

sp. Bowen, 51, p. 162, pl. C, fig. 10,11. 
Eocene, England. 

—— sp. Weiss, 407, p. 158, pl. 32, fig. 4. Pleisto- 
cene, New York. 

sp. B Cushman, Todd and Post, 94, p. 345, 
pl. 86, fig. 28, Recent, Marshall Islands. 

Nouria sp. Parker, 305, p. 504, pl. 5, fig. 20. 
Recent, Gulf of Mexico. 

Operculina sp. Smout, 355, p. 75, pl. 13, fig. 8-12; 
pl. 14, fig. 1. Paleocene, Qatar. 

(?) sp. Kleinpell, 255, p. 47, pl. 3 fig. 3. 
Neogene, Fiji. 

Palmula sp. Fox, 142, p. 117, pl. 26, fig. 1. 
Cretaceous, Dakota and Wyoming. 

? Fox, 142, p. 117, pl. 26, figs. 2,3. Creta- 
ceous, Dakota and Wyoming. 

Parafissurina sp. Cushman, Todd and Post, 94, 
p. 356, pl. 88, fig. 25, Recent, Marshall Islands. 

Parafusulina ? sp. Kanmera, 217, p. 11, pl. 1, fig. 
1-5. Permian, Japan. 

Pegidia (?) sp. Kleinpell, 225, p. 62, pl. 6, fig. 8. 
Neogene, Fiji. 
Peneroplis sp. Cushman, Todd and Post, 94, p. 
238, pl. 87. fig. 3. Recent, Marshall Islands. 
Planularia sp. Chang, 70, p. 111, pl. 2, fig. 18. 
Oligocene, Taiwan. 

—— sp. Fox, 142, p. 114, pl. 25, fig. 6. Creta- 
ceous, Dakota and Wyoming. 

Planulina sp. Kleinpell, 225, p. 74, pl. 10, fig. 4. 
Neogene, Fiji. 

—— sp. Petri, 309, p. 134, pl. 13, fig. 12-14. 
Miocene, Brazil. 

Pleurostomella n. sp. 1 Emiliani, 126, p. 151, pl. 
25, fig. 2. Oligocene, Italy. 

——n. sp. 2 Emiliani, 126, p. 152, pl. 25, fig. 3. 
Oligocene, Italy. 

n. sp. 3 Emiliani, 126, p. 152, pl. 25, fig. 4. 
Oligocene, Italy. 

Polymorphina n. sp. Emiliani, 126, p. 152, p. 25, 
fig. 5. Oligocene, Italy. 

Proteonina n. sp. Emiliani, 126, p. 152, pl. 25, 
fig. 6. Oligocene, Italy. 

sp. Cushman, Todd and Post, 94, p. 328, 
pl. 83, fig. 1. Recent, Marshall Islands. 

Pseudobulimina sp. Cushman, Todd, and Post, 
94, p. 350, pl. 87, fig. 20. Recent, Marshall 
Islands. 

Pseudodoliolina n. sp. Kanmera, 217, p. 14, pl. 2, 
fig. 7,8. Permian, Japan. 

Pseudoparrella n. sp. Emiliani, 126, p. 153, pl. 
25, fig. 7. Oligocene, Italy. 





























Pseudopolymorphina sp. Petri, 309, 

‘ fig. 6-8. no, Brazil. P. 70, pl. 4, 
ullenia n. sp. Emiliani, 126, p. 15 
8. oe. Italy. P. ISS, pl. 25, fig. 

sp. Parker, 305, p. 538, pl. 11 

‘ ene, —_ of Mexico. pithy Big. 20,24 
yrgo sp. Chang, 70, p. 109, pl. 2, fig. 7. OF 
heen. d g.7 Oligocene, 

sp. Cushman, Todd and Post, 94, p. 241, pj 

85, fig. 26. Recent, Marshall Islande 

sp. Feyling-Hanssen, 135, p. 128 pl. 1 

fig. 5. Pleistocene, Norway. a 

Quinqueloculina sp. Parker, 305, p. 498 pl. 4 
fig. ~~ oem, a of Mexico. | * 

—— sp. Petri, 309, p. 53, pl. 1, fig. 24; pl, 

1.2. ae Brazil. 7 pl. 2, fig 

sp. ‘‘A’’ Boltovskoy, 45, p. 126, pl. 1 
Recent, off Argentina. P pr. By fig. 11. 

Rauserella sp. Kanmera, 217, p. 4, pl. 3, fig. 13 
Permian, Japan. : 

Reusella sp. A Cushman, Todd, and Post, 94 p 
354, pl. 88, fig. 3. Recent, Marshall Island. 

sp. A Todd and Post, 380, p. 559, pl. 199 

fig. 9. Oligo-Miocene, Bikini. , 

sp. B Todd and Post, 380, p. 559, pl. 199 

fig. 10. Miocene, Bikini. : 

sp. C. Todd and Post, 94, p. 559, pl. 199 
fig. 11. Plio-Pleistocene, Bikini. ; 

Rhabdammina n. sp. Emiliani, 126, p. 158, pl. 25 
fig. 10. Oligocene, Italy. ; 

(?) sp. Wilson, 412, p. 131, pl. 12, fig. 1, 
Oligocene, California. 

Reophax sp. Parker, 305, p. 484, pl. 1, fig. 12. 
Recent, Gulf of Mexico. 

Robulus sp. Fox, 142, p. 114, pl. 25, fig. 5. 
Cretaceous, Dakota and Wyoming. 

sp. Wilson, 412, p. 135, pl. 14, fig. 4. 
Oligocene, California. 

—— sp. A Cushman, Todd and Post, 94, p. 343, 
pl. 86, fig. 6. Recent, Marshall Islands. 

—— sp. B Cushman, Todd and Post, 94, p. 343, 
pl. 86, fig. 5. Recent, Marshall Islands. 

—— sp. C Cushman, Todd and Post, 94, p. 343, 
pl. 86, fig. 8. Recent, Marshall Islands. 

—— sp. D Cushman, Todd and Post, 94, p. 343, 
pl. 82, fig. 3. Recent, Marshall Islands. 

—— ? sp. Chang, 70, p. 111, pl. 2, fig. 17. 
Oligocene, Taiwan. 

Rotorbinella sp. Todd and Post, 380, p. 562, pl. 
200, fig. 2. Miocene, Bikini. 

Sigmoilina sp. Parker, 305, p. 499, pl. 5, fig. 1; 
text fig. 2. Recent, Gulf of Mexico. 

Siphonodosaria appendiculata (Costa) var. nov. 
Emiliani, 126, p. 159, pl. 25, fig. 12. Oligocene, 
Italy. 

subrotundata (Herrmann) n. var. Emiliani, 
126, p. 161, pl. 25, fig. 13. Oligocene, Italy. 

Spirolina sp. Petri, 309, p. 83, pl. 6, fig. 8,9. 
Miocene, Brazil. 

sp. Todd and Post, 380, p. 557, pl. 199, fig. 
2. Miocene, Bikini. 

Spiroloculina sp. A Cushman, Todd and Post, %, 
p. 336, pl. 84, fig. 21,22. Recent, Marshall 
Islands. 

sp. B Cushman, Todd and Post, 94, p. 336, 

pl. 84, fig. 19. Recent, Marshall Islands. 
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ophthalmidium sp. Chang, 70, p. 109, pl. 2, 

iA Oligocene, Taiwan. 

5 iropleclammina sp. Wilson, 412, p. 132, pl. 12, 

vs 7. Oligocene, California. 

raberina sp. Petri, 309, p. 85, pl. 6, fig. 10. 
Miocene, Brazil. 

Textularia sp. Petri, 309, p. 48, pl. 1, fig. 5. 
Miocene, Brazil. 

_— (?) sp. Wilson, 412, p. 133, pl. 12, fig. 8. 
Oligocene, California. 

Thurammina ? sp. Form B Eisenback, 123, p. 65, 
|, 4, fig. 14-16. Silurian pebble. Baltic States. 

riochammina n. sp. 1 Emiliani, 126, p. 163, pl. 
25, fig. 16. Oligocene, Italy. 

4. sp. 2 Emiliani, 126, p. 164, pl. 25, fig. 17. 
Oligocene, Italy. 

_—n. sp. 3 Emiliani, 126, p. 164, pl. 25, fig. 18. 


igocene, Italy. 
Bane sp. Petri, 309, p. 56, pl. 2, fig. 10-12. 
Miocene, Brazil. 
_— sp. A Cushman, Todd and Post, 94, p. 340, 
pl. 85, fig. 20. Recent, Marshall Islands. 
_— sp. B. Cushman, Todd and Post, 94, p. 340, 
pl. 85, fig. 21. Recent, Marshall Islands. : 
— sp. “A” Boltovskoy, 45, p. 137, pl. 4, fig. 1. 
Recent, off Argentina. 
— sp. “A” Boltovskoy, 46, p. 265, pl. 22, fig. 
6. Recent, off Argentina. 

——sp. 1 Fox, 142, p. 112, pl. 24, fig. 11-13. 
Cretaceous, Dakota and Wyoming. 

_— sp. 2 Fox, 142, p. 113, pl. 24, fig. 14-16. 
Cretaceous, Dakota and Wyoming. 

— sp. 3 Fox, 142, p. 113, pl. 24, fig. 17-19. 
Cretaceous, Dakota and Wyoming. 

Uvigerina sp. Petri, 309, p. 96, pl. 7, fig. 9,10. 
Miocene, Brazil. f 

Vaginulina sp. Chang, 70, p. 111, pl. 2, fig. 19. 
Oligocene, Taiwan. 

— sp. “A” Boltovskoy, 45, p. 148, pl. 5, fig. 8. 
Recent, off Argentina. 

— sp. 1 Fox, 142, p. 116, pl. 25, fig. 21. Cre- 
taceous, Dakota and Wyoming. 

—sp. 2 Fox, 142, p. 117, pl. 25, fig. 19,20. 
Cretaceous, Dakota and Wyoming. 

Valowineria (?) sp. Kleinpell, 225, p. 58, pl. 5, 
fig. 7. Neogene, Fiji. 

— (?) sp. Wilson, 412, p. 142, pl. 3, fig. 8. 
Oligocene, California. 

Verbeckina ? n. sp. Kanmera, 217, p. 15, pl. 2, 
fig. 9. Permian, Japan. 

Virgulina species Feyling-Hanssen, 136, p. 193, 
pl. 1, fig. 23,24. Pleistocene, Norway. 


SUPPLEMENT FOR THE YEAR 1948 
Ticinella gaultina Morosova, Bjull, Moskov. 
obshch. ispijtatel Prirody, vol. 23, No. 3, 1948, 
p. 41, pl. 2, fig. 16-18. Cenomanian, U.S.S.R. 


SUPPLEMENT FOR THE YEAR 1950 


OBSOLETES gen. nov. Kireeva, 423, A new 
genus of the family Fusulinidae. Genotype: not 
known to compiler, as publication not availa- 
ble. Middle Carboniferous. 


SUPPLEMENT TO THE YEAR 1951 


In a publication by Dalmatskaya (title not 
known to the compiler), in : 


Moskov. obsh. 
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ispijtatel Prirody, Bjull., 1951, pp. 194-196, the 

following new genus was proposed: 

VERELLA gen. nov. Dalmatskaya, a new genus 
of the family Fusulinidae from the Russian 
Middle Carboniferous, with genotype: 

warsanofieve Dalmatskaya, and 

species: 

spicata Dalmatskaya. 


another 








SUPPLEMENT FOR THE YEAR 1952 


The following new forms are all described and 
figured in Voloshina and Dain, 439, from Russia: 
Allomorphina marmaroschensis Dain, p. 120, pl. 

1, fig. 5,6. Miocene. 

Cassidulina caucasica Subbotina, p. 100, pl. 4, 
fig. 4. Eocene. 

complanata Voloshinova, p. 95, pl. 4, fig. 7. 

Miocene. 

curvicamerata Voloshina, p. 92, pl. 2, fig. 9. 
Miocene. 

—— excavata Voloshinova, p. 96, pl. 3, fig. 1. 
Oligo-Miocene. (Note: Kleinpell’s Cassidulina 
pulchella Orbigny, Miocene Stratigr. of Cali- 
fornia, 1938, p. 335, pl. 10, fig. 9 is regarded as 
a synonym of this new species). 

laticamerata Voloshinova, p. 95, pl. 4, fig. 7. 

Miocene. (Published in 19302) 

—— limbata Cushman and Hughes, 1925, var. 
monstruosa Voloshinova, p. 94, pl. 3, fig. 5. 
Miocene. 

—— magna Voloshinova, p. 83, pl. 1, fig. 8. 
Miocene. 

—— miocenica Voloshinova and Borovleva, p. 
96, pl. 3, fig. 6. Miocene. 

var. carinata Voloshinova, p. 97, 

pl. 3, fig. 7. Miocene. (Note: preoccupied by 

Cassidulina smechovi carinata Voloshinova, ut 


infra.) 




















var. crassa Voloshinova, p. 98, 
pl. 3, fig. 8. Miocene. (Note: preoccupied by 
d’Orbigny, 1839). 

—— pygmaea Voloshinova, p. 100, pl. 5, fig. 3. 
Miocene. 

—— smechovi Voloshinova, p. 90, pl. 2, fig. 1,2. 
Miocene. 





var. carinata Voloshinova, p. 91, 
pl. 2, fig. 4. Miocene, (Pre-occupied by Sil- 
vestri, 1896, and by Cushman, 1922.) 

var. umbonata Voloshinova, p. 
91, pl. 2, fig. 5. Miocene. 

we var. sulcata Voloshinova, p. 91, 
pl. 2, fig. 3. Miocene. 

CASSIDULINITA gen. nov. Suzin, p. 102. New 
genus of the family Cassidulinidae. Genotype: 
Cassidulinita prima Suzin, ut. infra. Pliocene. 

—— prima Suzin, p. 103, pl. 4, fig. 12,13. 
Pliocene, Caucasus region. 

Chilostomella azerbaidjanica Chalilov, p. 124, pl. 
2, fig. 2. Eocene. 

balkhanensis Dain and Chalikov, p. 125, pl. 
2, fig. 3,4. Eocene-Oligocene. 

Elphidium jannae Voloshinova and Borovleva, 
p. 52, pl. 7, fig. 2-4. Miocene. 

katangliense Voloshinova and Borovleva, 
p. 38, pl. 5, fig. 11,12. Miocene. 

—— lautenschliageri Voloshinova, p. 49, pl. 6, fig. 
3. Miocene. 
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macellum (Fichtel and Moll) var. maeotica 
Gherke, p. 45, pl. 5, figs. 5,6. Maeotian. 

—— mironovi Voloshinova, p. 43, pl. 5, fig. 1. 
Pliocene. 

nabilense Voloshinova and Borovleva, p. 49, 
pl. 6, fig. 5. Miocene. 

—— noniformis Gerke, p. 51, pl. 6, fig. 6-8. 
Maeotian. 

nutovoense Borovleva, p. 52, pl. 7, fig. 6. 

Pliocene. 

- orientale Voloshina, p. 38, pl. 4, fig. 1. 

Miocene and Pliocene. (published in 1939?) 

rugosum (Orbigny) var. atschiensis Suzin, 

p. 46, pl. 5, fig. 8. Miocene. 

sachalinense Voloshinova, p. 55, pl. 9, fig. 1. 

Miocene. 

tenerum Voloshinova, p. 54, pl. 8, fig. 10. 

Miocene. 

vulgare Voloshinova, p. 53, pl. 8, fig. 3-9. 
Miocene. 

Nonion anomalinoides Gerke, p. 21, pl. 1, fig. 10. 
Maetian. 

—— bogdanowiczi Voloshinova, p. 19, pl. 1, fig. 
7,8. Miocene. 

matchigaricus Voloshinova, p. 22, pl. 1, fig. 

11. Miocene. 

subbotinae Chutzieva, p. 26, pl. 2, fig. 10. 
Miocene. 

Nonionella bykovae Voloshinova, p. 30, pl. 3, fig. 
4. Paleocene. 

kalinini Voloshinova, p. 29, pl. 3, fig. 6. 
Maestrichtian. 

Notorotalia clarki Voloshinova, p. 56, pl. 9, fig. 2. 
Miocene. For: Rotalia beccarii Linné in Clark, 
_. Maryland Geol. Surv., p. 215, pl. 66, 

. 11-13. 

PSEUDOPARELLINAE subfam. nov. Volo- 
shinova, p. 81, New subfamily of the family 
Cassidulinidae. Includes the genus Pseudo- 
parella (sic!) Cushman and Dam, 1948. 

Pseudoparella granulosa Bykova, p. 83, pl. 1, fig. 
3. Paleocene. 

suzini Chutzieva, p. 84, pl. 1, fig. 2. Mio- 
cene. 

Pullenia dampelae Dain, p. 134, pl. 4, fig. 1-3. 
Senonian. For: Pullenia quinqueloba Reuss in 
Plummer, 1926, Univ. Texas Bull. 2644, p. 136. 
pl. 8, fig. 12; and for: Pullenia cretacea_Cush- 
man, 1937, Contr. Cushman Lab. Foram. 
Research, vol. 12, p. 75, pl. 13, fig. 8. 

ksakhstanica Dain, p. 131, pl. 3, fig. 3. 

Senonian. 

sexacamerata Pischvanova, p. 133, pl. 3, 

fig. 7. Miocene. 












































SUPPLEMENT NOMENCLATURA APERTA 1952 


Anomalina sp. Carvalho and Chermont, 430, 
p. 95, pl. 1, fig. 19. Recent, off Brazil. 

Discorbis sp. Carvalho and Chermont, 430, p. 94, 
pl. 1, fig. 17. Recent, off Brazil. 

Nummulites sp. Ruiz de Gaona, 436, p. 80, pl. 19, 
fig. 3. Eocene, Spain. 

sp. Ruiz de Gaona, 436, p. 80, pl. 19, fig. 19. 
Eocene, Spain. 

—— sp. Ruiz de Gaona, 436, p. 80, pl. 21, fig. 45. 
Eocene, Spain. 











sp. Ruiz de Gaona, 436, p. 80 . 
52,53. Eocene, Spain. P. 99, pl. 32, fig 


SUPPLEMENT FOR THE YEAR 1953 


ACARININA gen. nov. Subbotina, 505 p. 219 
New genus of the family Globorotaliid 
Genotype: Acarinina acarinata Subbotin: 
1953, ut infra. Paleocene; Eocene. on 

acarinata Subbotina, 505, p. 229, pl, 29 

fig. 4-10. Jag aes USSR. hie. 

intermedia Subbotina, 505, p. 

fig. 1-4, ie US k 221, pl 2, 

interposita Subbotina, 505, p. 2: 

fig. mea ose 4 Eocene, USSR. » 251, oh 28, 

pseudotopilensis Subbotina, 505, p. 227, pl 

8,9; pl. 22, fig. 1-3. Paleocene and [ac 

Eocene, USSR: . a hom 

rotundimarginata Subbotina, 505, 

pl. 25, fig. 1-3. Upper Eocene, USSR’ ™ 

rugosoaculeata Subbotina, 505, p. 235 pl. 25 

fig. 4-6. Upper Eocene, USSR. nw 

triplex Subbotina, 505, p. 230, pl. 23, § 
1-5. Lower Eocene, USSR. —_ 

Ammobaculites manyschensis Bykova, 447 p 
58, pl. 1, fig. 2,3. Paleocene-Eocene, Central 
Asia. For: Ammobaculties midwayensis Plum- 
mer in Cushman, 1940, Contr. Cushman Lab 
Foram. Research, vol. 16, p. 52, pl. 9, fig. 1 2, 
(Note: Plummer’s species has been renamed 
Ammobaculites paleocenicus Cushman, 1947. 
Bykova’s new species is, therefore, a synonym 
of A. paleocenicus Cushman.) 

Anomalina pompilioides Galloway and Hemin- 
way, 1941, var. semicribrata Beckmann, 443, 
p. 400, pl. 27, fig. 3. Middle Eocene to Lower 
Oligocene, Barbados. 

AUERINELLA gen. nov. Frenguelli, 453, p. 46. 
New genus of ‘‘incertae sedis.’’ Genotype: 
Auerinella fuegiae Frenguelli, 1953, ut infra. 
Post-Glacial. 

fuegiae Frenguelli, 453, p. 46, text fig. 
4-B.5. Post-Glacial, Argentina. 

Baggina notoensis Asano, Short Papers No. 5, 
Inst. Geol. Paleont. Tohoku Univ. Sendai, p. 
10, pl. 3, fig. 17. Miocene, Japan. 

Bitubulogenerina dertonensis Gianotti, 455, p. 271, 
pl. 12, fig. 12. Miocene, Italy. 

Bolivina petterssoni Parker, 486, p. 36, pl. 7, fig. 
15-17. Recent, North Atlantic 4940 m. 

Bulimina translucens Parker, 486, p. 33, pl. 6, 
fig. 30,31. Recent, North Atlantic, 4181 m. 

CANALIFERA gen. nov. Krasheninnikov, 472, 
pp. 88-89, New genus of the family Canali- 
feridae (group of Nonionidae). Publication not 
seen by compiler. 

CANALIFERIDAE fam. nov. Krasheninnikov, 
472, pp. 88-89. Publication not seen by com- 


























piler. 

CARPENTERELLA gen. nov. Krasheninnikov, 
472, pp. 88-89. New genus of the family 
Nonionidae. Publication not seen by compiler. 
(Note: Preoccupied by Collenette, 1933, a 
lepidopteran genus.) 

Chrysalidinella ruscelli Gianotti, 455, p. 261, pl. 
12, fig. 6. Miocene, Italy. 

Cibicides kullenbergi Parker, 486, p. 49, pl. 11, 
fig. 7,8. Recent, North Atlantic, 3109 m. 
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exicanus Nuttall, 1932, var. miocenicus 
494, p. 158, pl. 7, fig. 1,3. Miocene, 


— m 


= "Note: Preoccupied by Cibicides flori- 


danus (Cushman, 1918) var. muiocenicus 
Colom, 1945, Inst. Geol. Lucas Mallada, 
Madrid, Estud. Geol. No. 3, p. 173, pl. 14, fie. 
191,295-297,300,303; pl. 12, fig. 248, from the 
Vindobonian of Mallorca.) Fe 

_— syccedens Brotzen, 1948, var. rigida Bykova, 
447, p. 96, pl. 5, fig. 4. Paleocene-Eocene, 
Central Asia. 

_— susakensis Bykova, 447, p. 99, pl. 5, fig. 5. 
Paleocene-Eocene, Central Asia. 

Dorothia ashiyaensis Murata, 478, p. 6, pl. 1, fig. 
3, Oligocene, Japan. - 

Ehrenbergina pacifica Cushman var. basispinosa 
Gianotti, 455, p. 281, pl. 16, fig. 3. Tortonian, 

ay Parker, 486, p. 46, pl. 10, fig. 
14-16. Recent, North Atlantic, 1955 m. (For 
synonymy see original publication). — ; 

Ellipsopleurostomella oligocenica_ Napoli Alliata, 
480, p. 67, pl. 1, fig. 17. Upper Oligocene, Italy. 

ELPHIDIIDAE fam. nov. Krasheninnikov, 472, 
pp. 88-89. Publication not seen by compiler. 

Eponides saginaris Bykova, 447, p. 80, pl. 3, fig. 
3, Paleocene-Eocene, Central Asia. 

Gaudryina ashiyaensis Murata, 478, p. 6, pl. 1, 
fig. 4. Oligocene, Japan. 

Globigerina bulloides Orbigny, 1826, var. compacta 
Subbotina, 505, p. 76, pl. 9, fig. 4. Upper 
Eocene, USSR. (Note: Preoccupied by G. pseu- 
doeocaena Subbotina var. compacta Subbotina, 
1953, ut infra.) ; 

— corpulenta Subbotina, 505, p. 76, pl. 9, fig. 
5-7; pl. 10, fig. 1-4. Upper Eocene, USSR. 

— edita Subbotina, 505, p. 54, pl. 2, fig. 1. 
Paleocene, USSR. 

—eocaenica Terquem, 1882, var. irregularis 
Subbotina, 505, p. 81, pl. 11, fig. 12-14. Upper 
Eocene, USSR. 

— frontosa Subbotina, 505, p. 84, pl. 12, fig. 
3-7. Eocene, USSR. 

— hoterivica Subbotina, 505, p. 50, pl. 1, fig. 
1-4. Cretaceous, USSR. 

——inaequispira Subbotina, 505, p. 69, pl. 6, 
fig. 1-4. Eocene, USSR. 

— inconstans Subbotina, 505, p. 58, pl. 3, fig. 
1,2. Paleocene, USSR. 

— kelleri Subbotina, 505, p. 54, pl. 1, fig. 16. 
Cretaceous, USSR. 

— moskvini Shuckaja, 499, p. 74, text fig. 1, 
No. 1-9; text fig. 2, No. 15, 16, Danian, 
Caucasus region. 

— officinalis Subbotina, 505, p. 78, pl. 11, fig. 
——— Eocene and basal Oligocene, 

—— pseudoeocaena Subbotina, 505, p. 66, pl. 4, 
fig. 9; pl. 5, fig. 1,2,6. Eocene, USSR. 

— —— —— var. compacta Subbotina, 505, 
p. 68, pl. 5, fig. 3.4. Upper Eocene, USSR. 

var. trilobata Subbotina, 505, p. 





68, pl. 5, fig. 5. Eocene, USSR. (Note: Pre- 
occupied by Costa, 1856, Atti Accad. Pont., 
vol. 7, No. 2, p. 241, pl. 21, fig. 4.) 

— trivialis Subbotina, 505, p. 64, pl. 4, fig. 4-8. 
Maestrichtian to Danian, USSR. 
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—— varianta Subbotina, 505, p. 63, pl. 3, fig. 
5-10,11,12; pl. 4, fig. 1-3; pl. 16. fig. 1-3. 
Paleocene and Lower Eocene, USSR. 

Globigerinoides rubriformis Subbotina, 505, p. 92, 
pl. 13, fig. 19; pl. 14, fig. 6-9. Eocene, USSR. 

Globorotalia convexa Subbotina, 505, p.p. 209, pl. 
17, fig. 2,3. Paleocene and Lower Eocene, 
USSR. ; 

—— imitata Subbotina, 505, p. 206, pl. 16, fig. 
14-16. Paleocene, USSR. 

—— lensiformis Subbotina, 505, p. 214, pl. 18, 
fig. 4,5. Upper Eocene, USSR. 

—— marginodendata Subbotina, 505, p. 212. 
Lower Eocene, USSR. For: Globorotalia cras- 
sata Cushman in Glaessner, 1937, Probl. of 
Micropal., vol. 1, No. 1, p. 31, pl. 1, fig. 7. 

—— planoconica Subbotina, 505, p. 210, pl. 17, 
fig. 4-6. Paleocene, Lower Eocene, USSR. 

—— tadjikistanensis Bykova, 447, p. 86, pl. 3, 
fig. 5. Paleocene, USSR. 

Globotruncana fundiconulosa Subbotina, 505, p. 
200, pl. 14, fig. 1-4; pl. 15, fig. 1,2. Senonian, 
USSR. 

Gyroidina cetera Bykova, 447, p. 77, pl. 3, fig. 1. 
Paleocene and Eocene, Central Asia. 

—— depressaeformis Bykova, 447, p. 78, pl. 3, 
fig. 2. Paleocene and Eocene, Central Asia. 
For: Gyroidina depressa Alth in Cushman and 
Renz, 1946, Spec. Publ. 18, Cushman Lab. 
Foram. Res., p. 44, pl. 7, fig. 16,17. 

Ha plophragmoides fistulosus Bykova, 447, p. 57, 
pl. 1, fig. 1. Paleocene-Lower Eocene, Central 
Asia. 

Hauerina lyra Serova, 498, p. 62. Publication not 
seen by compiler. 

—~— podolica Serova, 498, pp. 62-64. Publication 
not seen by compiler. 

Heronallenia desiot Ruscelli, 494, p. 147, pl. 5, 
fig. 7. Helvetian, Italy. 

Marginulina ashiyaensis Murata, 478, p. 6, pl. 1, 
fig. 7. Oligocene, Japan. 

Pleurostomella rameroensis Napoli Alliata, 480, 
p. 72, pl. 2, fig. 9,10. Upper Oligocene, Italy. 
Pseudorbitoides longispiralis Papp and Kiipper, 

483, p. 352, pl. 2, fig. 3. Campanian, Carinthia. 

PSEUDOTEXTULARIELLA gen. nov. Bar- 
nard, Quart. Jour. Geol. Soc. London, vol. 109, 
pt. 2, p. 198. New genus of the family Valvulini- 
dae. Genotype: Textulariella cretosa Cushman, 
1932, Contr. Cushman Lab. Foram. Res., vol. 
8, p. 97, pl. 11, fig. 17-19. Upper Cretaceous. 

Pyrulinoides antilleanus Beckmann, 443, p. 361, 
pl. 20, fig. 19-21; text fig. 8. Middle Eocent to 
Lower Oligocene, Barbados. (Published May 
30, 1954). 

Quinqueloculina padana Perconig, Consigl. Na- 
zion. Ricerche, Contr. Sci. Geol. vol. 3, p. 95, 
text figs. 1-4. Upper Pliocene, Italy. 

Robulus ashiyaensis Murata, 478, p. 6, pl. 1, fig. 
10. Oligocene, Japan. 

—— bertraneui Glacon, and Magné, 457, p. 134, 
text fig. 1. Miocene and Pliocene, Algeria. 

—— infrasuzakensis Bykova, 447, p. 65, pl. 2, 
fig. 2. Paleocene-Eocene, USSR. 

ROTUNDINA gen. nov. Subbotina, 505, p. 164. 
New genus of the family Globorotaliidae. 
Genotype: Globotruncana stephani Gandolfi, 
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1942, Riv. Ital. Paleont. vol. 48, p. 130, pl. 3, 
fig. 4,5; pl. 4, fig. 36,37,41-44; pl. 6, fig. 4; pl. 9, 
fig. 8; pl. 14, fig. 2, Cenomanian to Maestrich- 
tian. 

ordinaria Subbotina, 505, p. 166, pl. 3, fig. 
3-9; pl. 4, fig. 1-9. Maestrichtian, USSR. For: 
Globotruncana globigerinoides Brotzen, 1936, 
Sverig. geol. Undersékn. ser. C, No. 396, Arsb. 
30, No. 3, p. 177, pl. 12, fig. 3; pl. 13, fig. 3. 

Sphaeroidinella sennt Beckmann, 443, p. 394, pl. 
26, fig. 2-4; text fig. 20. Topmost Middle 
Eocene to Upper Eocene, Barbados. (Pub- 
lished May 30, 1954). 

Spiroplectammina monetalis Bykova, 447, p. 60, 
pl. 1, fig. 4. Paleocene-Eocene, USSR. 

Subalveolina perebaskini Reichel, 492, p. 257, pl. 
13, fig. 1,2; pl. 14, fig. 1-7; text fig. 1-3. San- 
tonian, France. (Published May 30, 1954). 

TOURNAYELLIDAE fam. nov. Dain, 1953, 
teste: Malakhova, 251, p. 54. 

TOURNAYELLA gen. nov. Dain, 1953, teste: 
Malakhova, 251, p. 54. No further information 
available to compiler. 

Triticites nakatsugawensis Morikawa, 476, p. 117, 
pl. 10, fig. 1-4,8,10,11-16,18,19. Upper Car- 
boniferous, Japan. 

— var. hemmii Morikawa, 476, p. 
117, pl. 10, fig. 6,7,9. Upper Carboniferous, 
Japan. 

—— uemurai Morikawa, 476, p. 120, pl. 10, fig. 
22-29. Upper Carboniferous, Japan. 

Tritubulogenerina dertonensis Gianotti, 455, p. 
271, pl. 12, fig. 7. Tortonian, Italy. 

Trochammina ashiyaensis Murata, 478, p. 6, pl. 
1, fig. 6. Oligocene, Japan. 











SUPPLEMENT: NOMENCLATURA APERTA 1953 


Anomalina sp. Phleger, Parker and Peirson, 486, 
p. 48, pl. 10, fig. 26-28. Recent, North Atlantic. 

Bigenerina sp. Gianotti, 455, p. 217, pl. 10, fig. 4. 
Tortonian, Italy. 

Bolivina sp. Gianotti, 455, p. 270, pl. 12, fig. 13. 
Tortonian, Italy. 

sp. 1 Phleger, Parker and Peirson, 486, 

pl. 7, fig. 27,28. Recent, North Atlantic. 

sp. 2 Phleger, Parker and Peirson, 486, p. 37, 
pl. 7, fig. 29. Recent, North Atlantic. 

Buliminella sp. Phleger, Parker and Peirson, 486, 
p. 32, pl. 6, fig. 18. Recent, North Atlantic. 

Cassidulina sp. 1 Phleger, Parker and Peirson, 
486, p. 45, pl. 10, fig. 5. Recent, North Atlantic. 

sp. Phleger, Parker and Peirson, 486, p. 45, 
pl. 10, fig. 8,9. Recent, North Atlantic 

Chrysalogonium sp. indet. Beckmann, 443, p. 
353, pl. 19, fig. 16. Lower Oligocene, Barbados. 

Cibicides sp. Gianotti, 455, p. 288, pl. 17, fig. 7. 
Tortonian, Italy. 

sp. Phleger, Parker and Peirson, 486, p. 50, 
pl. 11, fig. 18,22. Recent, North Atlantic. 

Cristellaria sp. indet. Beckmann, 443, p. 349, pl. 
18, fig. 18. Eocene-Oligocene, Barbados. 

Discorbis sp. 2. Gianotti, 455, p. 276, pl. 17, fig. 
16. Tortonian, Italy. 

sp. Tavares Rocha and Martins Pereira, 
510, p. 140, pl. 1, fig. 4. Pliocene, Portugal. 

Dorothia sp. indet. Beckmann, 443, p. 342, pl. 17, 
fig. 13. Upper Eocene, Barbados. 
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Ehrenbergina sp. Gianotti, 455, p. 2 
an re Italy. P. 282, pl. 17, fig. 
lipsoglandulina sp. indet. Beckmann, 443 
380, pl. 23, fig. 16,17. Eocene-Olion.” 
wo ‘ Gcene-Oligocene, 
Globigerina sp. 1 Phleger, Parker an i 
486, p. 14, pl. 1, fig. 22,23. Recent, ee 
lantic. oom st ih 
—— sp. eger, Parker and Peirso 
14, pl. 1, fig. 26,27. Recent, North Atlan . 
Globigerinoides sp. Napoli Alliata, 479 p. 105 
text fig. B, No. 3. Miocene, Sicily. oe 
Globorotalia sp. 1 Phleger, Parker and Peirson 
486, p. 23, pl. 4, fig. 19-21. Recent, North 
Atlantic. vn 
sp. 2 Phleger, Parker and Peirson, 486 
23, pl. 4, fig. 15,16. Recent, North Atlante 
Goésella sp. indet. Beckmann, 443, p. 343, pl. 17, 
fig. 20; text fig. 6. Upper Eocene, Barbados, ’ 
Lenticulina sp. Ruzicka and Benes, 495, p. 6 
text fig. 6. Tortonian, Czechoslovaquia. 
Loxostomum sp. Gianotti, 455, p. 273, pl. 12 fig 
11. Tortonian, Italy. ss 
Marginulina sp. Ruzicka and Benes, 495, p. 37 
text fig. 8. Tortonian, Czechoslovaquia. 
Nodosaria sp. Ruscelli, 494, p. 131, pl. 5, fig. 12 
Helvetian, Italy. ; 
Nodosarella sp. indet. Beckmann, 443, p. 377 pl 
22, fig. 32. Oligocene, Barbados. 
Nonionella sp. Gianotti, 455, p. 255, pl. 12, fig. 4. 
Tortonian, Italy. 
~—— sp. Phleger, Parker and Peirson, 486, p. 31 
pl. 6, fig. 13,14. Recent, North Atlantic. 
Planulina sp. Frenguelli, 453, p. 46, fig. A. Post- 
Glacial, Argentina. 
Pseudoclavulina sp. indet. Beckmann, 443, p. 341, 
pl. 17, fig. 10. Oligocene, Barbados. 
Pullenia sp. Phleger, Parker and Peirson, 486, 
p. 48, pl. 10, fig. 22. Recent, North Atlantic. 
Rectouvigerina sp. Phleger, Parker and Peirson, 
486, p. 38, pl. 8, fig. 8. Recent, North Atlantic, 
Siphogenerina sp. indet. Beckmann, 443, p. 369, 
pl. 21, fig. 22. Oligocene, Barbados. 
Spiroloculina sp. Phleger, Parker and Peirson, 
486, p. 23, pl. 5, fig. 15,16. Recent, North At- 
lantic. 
Stilostomella ? sp. indet. Beckmann, 443, p. 372, 
pl. 21, fig. 41. Oligocene, Barbados. 
Textularia sp. Gianotti, 455, p. 217, pl. 10, fig. 1. 
Tortonian, Italy. 
Tretomphalus sp. Gianotti, 455, p. 279, pl. 16, 
fig. 9. Tortonian, Italy. 

Uvigerina sp. 1 Phleger, Parker and Peirson, 486, 
p. 38, pl. 8, fig. 6. Recent, North Atlantic. 
sp. 2 Phleger, Parker and Peirson, 486, p. 

38, pl. 8, fig. 7. Recent, North Atlantic. 
Vaginulina sp. indet. Beckmann, 443, p. 354, pl. 
19, fig. 22. Oligocene, Barbados. 
Verneuilina sp. 1 Gianotti, 455, p. 218, pl. 10, 
fig. 7. Tortonian, Italy. 
sp. 2 Gianotti, 455, p. 218, pl. 10, fig. 8 
Tortonian, Italy. 
Virgulina sp. indet. Beckmann, 443, p. 367, pl. 
21, fig. 14,15. Upper Eocene, Barbados. 
sp. Phleger, Parker and Peirson, 486, p. 55, 
pl. 7, fig. 9,10. Recent, North Atlantic. 
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PALEONTOLOGICAL NOTES 


GEOGRAPHIC LOCATIONS AND STRATIGRAPHIC HORIZON OF 
PENNSYLVANIAN FOSSIL FOOTPRINTS DISCOVERED IN 
OSAGE COUNTY, KANSAS BY B. F. MUDGE IN 1873 


WALTER H. SCHOEWE 
State Geological Survey of Kansas and University of Kansas 





The relatively recent paper by Donald 
Baird (1952) concerning the revision of 
Pennsylvanian and Permian foot prints, 
Limnopus, Allopus, and Baropus in this 
Journal focussed attention again to the fact 
that neither the exact geographic location 
nor the geologic horizon of the Osage 
County, Kansas, Pennsylvanian footprint 
strata are known. The purpose of this paper 
is to put on record (1) the now-known geo- 
graphic locations of the Crane and Dodd 
quarries from which Mudge collected his 
specimens in 1873, (2) the stratigraphic 
horizon of the footprint-bearing strata, and 
(3) two new localities from which similar 
footprint impressions were obtained in 1954. 


HISTORICAL BACKGROUND 


The fossil amphibian footprints were 
frst discovered by Professor B. F. Mudge in 
1873 on a sidewalk flagstone on Kansas 
Avenue in Topeka, Kansas. Mudge im- 
mediately traced the flagstone to the Crane 
and Dodd quarries at Osage (City) where 
he collected at least 30 large slabs which he 
had sent to Manhattan, Kansas, his home. 
Subsequently some of the slabs were sent to 
the University of Kansas and most of them 
to Yale University. Later, a slab from a 
sidewalk at Burlington, Kansas, found its 
way to the University of Missouri (Branson 
& Mehl, 1932, p. 388-391). Mudge (1874, 
p. 7-9; 1896 reprint p. 71-74) described his 
find without naming the fossils, believing 
that the footprints were those of at least 
four distinct species of reptiles, rather than 
of amphibians. As was characteristic of 
Mudge, most of his collections were sent to 
Professor O. C. Marsh of Yale University 
for further study, who Mudge stated “will 
then proceed to assign their true paleonto- 
logical character and name them” (Mudge, 
1874; 1896 reprint p. 74). Twenty years later 
Marsh (1894) published the results of his 


studies of the fossil footprints as an appen- 
dix in the American Journal of Science. In 
1932, E. B. Branson & M. G. Mehl (p. 388- 
391) described some fossil footprints found 
in a sidewalk flagstone obtained at Burling- 
ton, Kansas, some 40 miles south of Osage 
City. Since this slab of flagstone, used as a 
sidewalk, was not in situ like the one original- 
ly discovered by Mudge in Topeka, no defi- 
nite location as to its original source could 
be given by Branson & Mehl, who merely 
stated that it was “taken from a quarry 
near Osage City, Kansas” (Branson & 
Mehl, 1932, p. 388). Donald Baird (1952) 
likewise was unable to pin-point the lo- 
cality or localities from which Mudge ob- 
tained his collection of slabs although he en- 
deavored to ascertain the locations of the 
Crane and Dodd quarries by writing to me, 
knowing that I had previously mapped the 
Nodaway coal in Osage County (Schoewe, 
1946). At the time of his inquiry (1951) the 
locations of the Crane and Dodd quarries 
were unknown to me. 


LOCATIONS OF CRANE AND DODD QUARRIES 


The Crane and Dodd flagstone quarries of 
1873, of which there were three, were lo- 
cated almost 2 miles south of the center of 
Osage City. Two of the quarries were in the 
SE} sec. 35, T. 16 S., R. 14 E., whereas the 
third was in the NE} sec. 2, T. 17 S., R. 14 
E. (Text-fig. 1). The southernmost quarry, 
which was also the last one operated, was 
in sec. 2 about two-tenths of a mile due 
south of the NW cor. of the NE} of the sec- 
tion. Currently the quarry site is in timber 
traversed by a small intermittent stream 
and completely filled in with soil and debris 
so that except for slight irregularities and an 
occasional small flagstone lying about all 
traces of this quarry are gone. The other two 
quarries were close to the south line in the 
SE} sec. 35. One quarry was in the south- 
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Text-F1G. 1—Map and stratigraphic section of Pennsylvanian fossil amphibian footprint 
localities and strata south of Osage City, Osage County, Kansas. 














west corner of the quarter-section, whereas 
the other was two-tenths of a mile farther 
east. All evidence of the quarry in the south- 
west corner of the quarter-section is gone. 
The easternmost quarry 1s noticeable only 
hecause of the dump heap and the presence 
of an occasional small slab of the flagstone. 
No rocks in place are visible at any of the 
quarries. The Crane and Dodd quarries of 
1873 were relocated by the help of Mr. Den- 
ny Whalen, an old time resident of Osage 
City, who as a young man worked for Crane 
and Dodd. Contact with Mr. Whalen was 
made through the register of deeds of Osage 
County at Lyndon and the newspaper edi- 
tor of the Osage City Journal-Free Press. 
Mr. Whalen guided and accompanied me to 
the long abandoned quarries. 


THE STRATIGRAPHIC HORIZON 


When Mudge discovered the fossil foot- 
print-bearing slabs, very little was known 
concerning the details of the stratigraphy of 
the area. Mudge had to be content to say: 
“The deposit is just above the middle of the 
coal measures, and about a dozen feet above 
the coal seam worked at Carbondale and 
Osage” (Mudge, 1874; 1896 reprint p. 71). 
It was not until 1893 that geographic names 
were applied to rock formations in Kansas 
(Haworth, Kirk, & Piatt, 1894; Adams, 
Girty, & White, 1903, p. 23-27), and for a 
number of years afterward miscorrelations 
were not uncommon. Marsh (1894), erro- 
neously cited by Branson & Mehl (1932, p. 
388) as assigning the fossil-bearing strata to 
the Osage limestone, entirely ignored nam- 
ing or locating the strata from which the 
fossil vertebrates were obtained. Haworth 
(1895, p. 462; 1895a, p. 278-279) refers the 
fossil-bearing strata to the Burlingame 
shale, which overlies a coal considered by 
him to be the equivalent of the coal mined 
at Burlingame and Osage City and which 
marked the top of his Osage City shale. 
Between the two shales was a thin lime- 
stone unit which Haworth, however, did 
not name but which was named the 
Osage limestone by Hall (Haworth et al., 
1896, p. 104). The coal Haworth named was 
the Osage coal. Haworth was in error in be- 
lieving that his Osage coal (Elmo) was the 
equivalent of the coal mined at Osage City 
(Nodaway). The coal mined at Osage City 
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and above which Mudge obtained his col- 
lection of vertebrate fossils was correctly 
correlated with Haworth’s Topeka coal 
seam (Nodaway) by St. John (1883) in 
1881, as corroborated by Beede in 1898 (p. 
28-29). Haworth apparently overlooked or 
had forgotten this correlation. Haworth’s 
Topeka coal seam, formerly mined at To- 
peka, lay approximately 100 feet strati- 
graphically below his Osage coal which was 
formerly mined several miles west of To- 
peka. In referring to the Topeka coal, Ha- 
worth (1895b, p. 304) stated that it was 
“not the geologic equivalent of any other 
coal known in the state.’’ In 1897 Adams 
(Haworth, E., & Crane, W. R., 1898, p. 65- 
67) named the Osage limestone the Howard 
limestone. Branson & Mehl (1932, p. 388) 
referred the limestone to the Scranton shale 
‘‘as in keeping with present-day usage.”’ 
The current classification of the Howard 
limestone formation with its five members 
dates back to 1932 (Moore, 1936, p. 204- 
209). It should be noted (1) that all refer- 
ences to the geologic horizon at which the 
flagstones occur are based upon Mudge’s 
general and indefinite statement that the 
“deposit is just above the middle of the coal 
measures, and about a dozen feet above the 
coal seam worked at Carbondale and 
Osage,” and (2) none of the describers of the 
fossil footprints, with the exception of 
Mudge, had actually seen the flagstones in 
place and consequently could not be cer- 
tain as to the exact stratigraphic horizon at 
which the flagstones occurred. On the basis 
of a letter dated April 6, 1951, written by 
Schoewe to Baird (1952, p. 834), Baird in 
redescribing the footprints assigned the geo- 
logic horizon at which the fossils occur as 
“Upper Pennsylvanian, Virgil series, Wa- 
baunsee group, flaggy sandstones [actually 
limestones] about 12 feet above Nodaway 
coal. Probably Utopia limestone member of 
Howard limestone formation”’ (Baird, 1952, 
p. 835-836). 

Lithologically the fossil-bearing strata 
are fine-grained, thin bedded limestones. 
Mudge called them flaggy sandstones. 
Marsh described them as calcareous shales, 
Haworth as shaly sandstones. Branson & 
Mehl did not name the rock but referred the 
fossiliferous strata to the Scranton shale, and 
Baird lists them as flaggy sandstones. 
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TABLE 1.—MEASURED SECTION AT THE AMPHIBIAN FOOTPRINT LOCALITY IN SEc. 15, T.175§ 
R. 14 E., AND ADJOINING SEc. 14, OsAGE County, KANsas " 


Pennsylvanian—Virgilian series, Wabaunsee group, Howard limestone formation 








Se 
Inches 





Utopia limestone member 
2: 


3, Limestone, dark gray, crystalline, irregularly bedded, fossiliferous especially pelecy- 


pods and gastropods, upper foot abundant fusulinids 18-58 
22. Shale, gray 6-7 
21. Limestone, silty, slabby, smooth 8-1 
20. Shale 3 
19. Limestone, brownish gray, slabby, fine-textured, amphibian footprint impressions 8.5 
18. Shale, limey 1 
17. Limestone, slabby 8 
16. Limestone, thin-bedded 2 
15. Shale, light gray 6 
14. Limestone, dark gray, dense 1 
13. Shale, dark gray to black, limey, fissile, ostracodes abundant, limestone nodules in 
middle 34-36 
12. Limestone 3 
11. Shale, clay, brown 37 
10. Limestone, smooth, dense, pelecypeds abundant i-? 
9. Limestone, gray, thin irregular beds, shelly, coconoid, pelecypods and gastropods 
abundant, weathers into large rectangular slabs—base of Utopia 36-46 
Winzler shale (section 14) 
8. Shale, bluish, sandy limestone nodules 39 
Church limestone (section 14) 
7. Limestone, thin-bedded 5 
6. Limestone, massive bed, dense bluish gray weathers brownish 27 
Aarde shale (section 14) 
5. Shale, gray 9 
4. Shale, black 6 
3. Shale, gray, limestone nodules 3 inches below top 56 
2. Coal—Nodaway 16 
1 


. Shale, sandy 





After visiting the Crane and Dodd quarry 
sites and finding there several small broken 
flagstone slabs lying about the debris, and 
recognizing the rock as the same as that out- 
cropping along a small stream, 2.5 miles 
south and half a mile west, the writer 
searched for fossil footprints at the outcrop 
on September 6, 1954, and found im situ a 
slab containing well preserved footprint im- 
pressions similar to those described and il- 
lustrated by Baird. The tracks found occur 
in the upper part of the Utopia limestone, 12 
feet above its base and 24 feet above the 
Nodaway coal (Text-fig. 1). There is, there- 
fore, no longer any doubt as to the strati- 
graphic horizon at which Mudge secured 
his specimens. The description of the fossil- 
bearing strata should now read ‘Upper 
Pennsylvanian, Virgil series, Wabaunsee 
group, flaggy limestones about 24 feet above 





Nodaway coal. Uppermost beds of Utopia 
limestone member of Howard limestone for- 
mation.’”’ A detailed stratigraphic section 
measured at the new locality is herewith 
presented and graphically shown in Text- 
fig. 1. An almost similar Howard limestone 
formation sequence of strata occurs north 
of Valley Falls in Jefferson County in the 
NW cor. NE} SW3j sec. 8, T. 8S., R. 18E,, 
about 60 miles north of the Osage quarry 
sites. Thus far no amphibian tracks have 
been found in the limited outcrop at this 
locality. : 


NEW FOSSIL FOOTPRINT LOCALITIES 


Fossil amphibian footprints were collected 
by me at two new outcrop localities. The 
better locality is approximately in the NE 
cor. SE} sec. 15, T. 17 S., R. 14 E., on the 
west side of Kansas highway 70 about 2.5 














8 
7 
2 





miles south and one-half mile west of the 
Crane and Dodd quarry sites or about 4.25 
miles south of Kansas highway 31 leading 
into Osage City from the west. The outcrop 
forms the bed and banks of a small intermit- 
tent stream tributary to Salt Creek. A sec- 
ond new fossil footprint locality was found 
4 short distance west of the center of the 
sw sec. 35, _? 16 S., R. 17 E., about 0.35 
mile west and a similar distance north of 
the Crene and Dodd quarry in the SW cor. 
SE} sec. 35, T. 16 S., R. 17 E. The flagstone 
occurs in the creek bed of a small stream bi- 
secting the Osage City golf course. Normal- 
ly the site is under water, being part of the 
Osage City municipal water reservoir. Due 
to drought conditions this portion of the 
reservoir was completely dry in September, 
1954, exposing portions of the same flag- 
stone cropping out in section 15 almost three 
miles farther south. Whether the footprints 
in this locality occur in exactly the same 
bed as those obtained farther to the south 
could not be ascertained in the field. There 
is no question, however, that the horizon is 
the upper part of the Utopia limestone 
member. 
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UPWELLING AND ASSOCIATED MARINE LIFE ALONG PACIFIC BAJA 
CALIFORNIA, MEXICO* 


WILLIAM K. EMERSON 
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INTRODUCTION 


Recent studies of the marine benthic or- 
ganisms inhabiting the northwestern coast 
of Baja California, Mexico, indicate the 
presence of discontinuous intertidal and 
inner neritic distribution for certain forms. 
This unusual distributional pattern requires 
an oceanographic explanation, apparently 
explained by local upwelling of cold water. 


* Contribution from the Museum of Paleon- 
tology, University of California, Berkeley. 





This investigation is concerned primarily 
with the influence of upwelling upon the 
distribution of the marine invertebrates, es- 
pecially the mollusks, and the application of 
this phenomenon to paleoecological inter- 
pretations. It seems advisable to place the 
preliminary findings on record. An analysis 
of the importance of upwelling on the cli- 
mate, physiography, and non-marine biotas 
of adjacent land areas is beyond the scope 
of this paper. The reader is referred to 
Brongersma-Sanders (1948) for a critical re- 
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view of the known effects of upwelling and 
to Sverdrup et al. (1946) for an explanation 
of this phenomenon. 

Many species of stenothermal cold-water 
organisms frequent intertidal or shallow 
water in high latitudes and occur in progres- 
sively deeper water as they range toward 
the equator. The southern range limits of 
many of the northeastern Pacific forms are 
not known, due to a paucity of bathymetric 
records; however, the appearance of cold- 
water species in the intertidal zone along 
parts of the coast of Baja California presents 
an interesting problem to students of zoo- 
geography and ecology. 


UPWELLING ALONG PACIFIC 
BAJA CALIFORNIA 


A series of surface temperature observa- 
tions and bathythermograms undertaken 
by Dawson (1951) demonstrated the occur- 
rence of upwelling along virtually the entire 
Pacific coast of Baja California. Dawson’s 
hydrographical and biological investigations 
indicate the presence of four regions which 
can be identified by differences in geograph- 
ical or seasonal continuity of upwelling. 
North of latitude 27° N., upwelling appears 
to be seasonally continuous in local areas, 
some of which are rather extensive. The 
northernmost region, Punta Descanso to 
Bahia de San Quintin, is the area pertinent 
to this study (Text-fig. 1). Here much of 
the coastline trends in a north to northwest 
direction, but is broken by several large 
headlands, south of which the coastline is 
first east to west, then northwest to south- 
east. In this region, the intense along-shore 
upwelling occurs when the prevailing winds 
blow the water surface upward, to be re- 
placed rapidly by water drawn from a few 
meters below the surface (personal com- 
munication, C. L. Hubbs, Aug., 1954). Inas- 
much as the winds are predominantly from 
the northwest to the southeast, upwelling is 
intensified south of the headlands. Hydro- 
graphical and biological evidence support 
this tenet. The stretches of shore between 
the prominent headlands were found to have 
greater temperature variations, depending 
largely upon the degree of stagnation or 
movement of upwelled water along the 
shore. As would be expected, upwelling has 
little influence in areas of protected or semi- 
protected shoal water such as Laguna de 
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San Quintin and Bahia de Todos Santos, | 
summary, this region is characterized by 
geographically discontinuous areas of = 
welling in which the centers of intensity sa 
located on the south sides of the tog 
prominent headlands (cf. Dawson, 1951) , 

Previous work.—Although upwelling off 
western North America has been known for 
some time, with intensification along certain 
areas of the Baja California coast (Mc- 
Ewen, 1916), the role of this phenomenon as 
a factor in the distribution of marine organ- 
isms has received little attention until re. 
cently. Studies on the distribution of marine 
floras and faunas along the Pacific coast of 
Baja California by Dawson (1946-1952) on 
algae, by Hubbs (1948) on fishes, and by 
Emerson (1952) on invertebrates show 4 
close correlation with the presence or ab. 
sence of upwelling. Within the areas of up- 
welling many species characteristic of more 
northern waters occur far south of their ex. 
pected latitudinal range, producing a dis. 
continuous intertidal distribution for these 
organisms. 

Neontological evidence.—Although the writ- 
er has not had an opportunity to make 
comprehensive collections from the upwell- 
ing “‘cold-spots,” an hour’s collecting at a 
low tide produced the following stenother- 
mal cold-water organisms from the inter- 
tidal zone on the south side of Punta Santo 
Tomas: 

1. Balanophyllia elegans Verrill, a stony 
coral; recorded range: British Colum- 
bia southward to Point Conception 
and through the Channel Isls., Cali- 
fornia, shore to 160 fathoms (Durham 
& Barnard, 1952); identification by 
J. Wyatt Durham. 

2. Acmaea mitra Eschscholtz, a limpet; 
recorded range: Pribilof Isls., Alaska, 
to San Diego, California, infra-tidal in 
southern extent of range (Keen, 1937). 

3. Hapalogaster cavicauda Stimpson, a 
crab; recorded range: Cape Mendo- 
cino, California, to Monterey and 
through the Channel Isls., California 
(Ricketts & Calvin, 1952; Johnson & 
Snook, 1935); identification by John 
S. Garth. 

4. Idothea stenops (Benedict), an isopod; 
recorded range: Coos Bay, Oregon, to 
Monterey, California (Menzies, 1950); 
identification by Robert J. Menzies. 
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TeXT-FIG, 1—Chart of the coastline from La Jolla, California, to the vicinity of Punta Baja, Baja 
California. Areas of local upwelling, which are indicated by solid circles, occur south of Punta 
Descanso, Punta Banda, Punta Santo Tom4s, Punta China, Punta San José, Cabo Colnett, Cabo 


San Quintin, and Punta Baja (data after Dawson, 1951, in part). 
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According to Dr. E. Yale Dawson (personal 
communication, August, 1954) the algal flora 
of Punta Santo Tomas contains a number of 
northern species, including: Laminaria far- 
lowti Setchell, Zanardinula lanceolata (Har- 
vey) J. De Toni, and Gigartina california 
J. G. Agardh. These species occur inter- 
tidally in central California. 

A number of other cold-water organisms is 
recorded from the intertidal zone of several 
Baja California localities which are now 
known to be areas of upwelling. Burch (1946) 
reported Placiforella velata Carpenter (a 
chiton which is recorded in infratidal waters 
south of Monterey, California) and Acmaea 
mitra, together with other northern species, 
on the south side of Punta Banda. At this 
locality, the writer found the water tempera- 
ture to be 7° to 10°F. lower than that on the 
north side of the peninsula. Several north- 
ern species of pholad clams were collected 
by Fitch (1953) from localities along the 
Baja California coast. Hubbs (1948) re- 
corded from south of the international bor- 
der the intertidal occurrence of the abalone 
Haliotis rufescens Swainson and the sea ur- 
chin Strongylocentrotus franciscanus A. Agas- 
siz, which occur near San Diego, California, 
in infratidal water or are rarely exposed by 
the extremely low, spring tides. 

In the areas concerned here, upwelling 
appears to be at a maximum during the 
spring and summer months, the critical 
reproductive period for many of the inverte- 
brates. It seems, therefore, that the cold- 
water invertebrates are able to maintain 
local populations within the areas of up- 
welling and do not require continual larval 
replenishment from off-shore sources or 
from more northerly located populations. 


APPLICATION TO PALEOECOLOGY 


At present, the permanence of the upwell- 
ing areas in time must be considered a mat- 
ter for conjecture owing primarily to the 
multiplicity of the interacting factors upon 
which the phenomenon is dependent. The 
matter of temporal permanency is of prime 
importance for paleoecological considera- 
tions. Brongersma-Sanders (1948) inter- 
prets certain evidence from the fossil record 
as indicating the probable existence of up- 
welling in past geological ages. The paleon- 
tologist would possess a, valuable new ad- 
junct for ecological interpretations if the an- 


tiquity of upwelling could be 


' unequivoca 
demonstrated and if it were possible rd 


recognize with a reasonable degree of cer 


tainty the effects of this phenomenon in the 
fossil record. Its application to paleoeco. 
logical interpretation would necessitate a re. 
examination of many of our present assump. 
tions. For example, in some instances, up- 
welling rather than climatic isothermal shift 
may be the explanation for apparent Critical 
changes in temperature conditions which 
are now recognized in some of the faunas of 
the West American Pliocene-Pleistocene se- 
quence. 

Paleontological evidence.—At Punta China 
(see Text-fig. 1) a large series of inverte. 
brates were collected from a highly fossilif. 
erous marine Pleistocene terrace deposit 
which occurs in the vicinity of this upwelling 
site. Field evidence based on geologic and 
faunistic data indicates the probable exist. 
ence of the headland during the deposition 
of this terrace and a coastal topography es. 
sentially the same as today. A study of these 
fossils was undertaken to determine if the 
effects of upwelling could be detected in the 
composition of the faunule. The preliminary 
results of this investigation are not conclu- 
sive. Although stenothermal cold-water or- 
ganisms, including the coral Balanophyllia 
elegans and the limpet Acmaea mitra, occur 
in this fossil tide-pool and rock-cliff assem- 
blage, there are also present some northern 
species which have not been found living in 
the upwelling areas (e.g. Tegula brunnea 
Philippi and Cryptochiton stellert Midden- 
dorff!). On the basis of the available data, it 
is difficult to determine if the cold-water ele- 
ments in the fossil faunule reflect the influ- 
ence of upwelling, isothermal shift, or pos- 
sibly a combination of these, together with 
other factors. Valentine (1955) has inter- 
preted the presence of cold water, exposed 
coast elements in the molluscan faunas of 
some Pleistocene terrace deposits of South- 
ern California and Baja California to sug- 
gest the presence, at the time these faunas 
lived, of local upwelling with lower temper- 


1 It is interesting to note that valves of this 
chiton are commonly found in the kitchen mid- 
dens which occur in the region, but the species 
has not been reported living along this coast. Drs. 
S. Stillman Berry and Carl L. Hubbs have in 
preparation a manuscript on the distribution of 
this species in the midden deposits of the Pacific 
coast of Baja California. 




















atures than exist in the present upwelling 
areas along northern Baja California. 

It is evident that additional neontological 
and paleontological data must be obtained 
before more definite conclusions can be 
reached concerning the significance in this 
region of upwelling as a paleoecological fac- 
tor, Carl L. Hubbs of the Scripps Institu- 
tion of Oceanography is presently conduct- 
ing an exhaustive thermal and zoological 
survey of the inshore area of northwestern 
Baja California. The results of this investi- 
gation, supplemented by oxygen"® and car- 
hon!” studies, promise to yield much addi- 
tional information on the relation of up- 
welling to temperature and animal distri- 


bution. 
CONCLUSION 


The possibility of the existence of upwell- 
ing in past geological ages and its potential 
role as an ecological agent should not be 
neglected by the paleontologist. A better 
understanding of the influence of this phe- 
nomenon on the distribution of living ma- 
rine organisms, particularly benthic forms, 
holds promise for paleoecological applica- 
tions. Moreover, the intertidal occurrence 
of frigophilic (cold-limited) plants and ani- 
mals in the upwelling areas of the Baja 
California coast serves to demonstrate the 
advisability of utilizing thermophilic (warm- 
limited) species as indices for the interpre- 
tation of former climatic conditions of fos- 
sil faunal assemblages. 
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AN ENGONOCERAS FROM CENTRAL OREGON 


EARL L. PACKARD 
Stanford University, California 


The discovery of a species of Engonoceras 
in Cretaceous beds in central Oregon repre- 
sents the only known occurrence of that 
genus from the Pacific Coast region of 
North America and the second report for 
the vast Indio-Pacific Cretaceous province. 

This new species was found by Loren B. 
McIntyre, a student at Oregon State Col- 
lege, while studying a Cretaceous section 
within the Mitchell quadrangle, Wheeler 
County, Oregon. He has generously granted 
the author the privilege of describing this 
unique specimen. 

The author is grateful for the laboratory 
and library facilities afforded him by Stan- 
ford University and especially for the inter- 
est Dr. Siemon W. Muller has taken in this 
study. Dr. H. B. Stenzel granted him the 
privilege of examining the large collections 
of engonoceratids in the Texas Bureau of 
Economic Geology at Austin. 

This species is named for Dr. William D. 
Wilkinson in recognition of his and his stu- 
dents’ contributions to the knowledge of the 
field relationships of the Cretaceous of cen- 
tral Oregon. The genus Engonoceras is the 
type of the family Engonoceratidae Hyatt 
(1900), which includes a number of more or 
less related genera, collectively known as 
‘“‘pseudoceratites.’’ Some of these genera are 
of questionable taxonomic validity. The fol- 
lowing résumé of the historical development 
of our knowledge of this group will serve to 
place the genus Engonoceras in proper per- 
spective among the related genera of the 
family. 

Neumayr & Uhlig (1881, p. 140-141), in- 
troduced the name Engonoceras in asynop- 
tic key in which their new genus was charac- 
terized by three or more lateral ceratitic 
lobes. They listed as examples, Engonoceras 
pierdenale (Buch), E. cf. E. vibrayeanum 
(d’Orbigny), and E. vibrayeanum (d’Orbig- 
ny). 

The species E. pierdenale was subsequent- 
ly designated the type of the genus Engono- 
ceras, and E. vibrayeanum with entire 
saddles and lobes became the type species of 


Neolobites, which was established by Fischer 
in 1882. In 1898 Boehm emended the sco 
of the genus Engonoceras and published de. 
tailed descriptions and drawings of most 
species which were known at that time 
Slightly ornate forms with three advent). 
tious lobes and with smooth or almost 
smooth lateral saddles were placed by 
Boehm into a new genus Knemiceras with 
Ammonites syriacum Buch as the type. An. 
other genus, Protengonoceras with the type 
species Protengonoceras gabbi (Boehm) = 
Ammonites pedernalis Buch of Gabb, was 
added to this group by Hyatt when he pro- 
posed for all these ‘‘pseudoceratites” the 
family taxon Engonoceratidae. 

In 1903 Hyatt in his monumental mono. 
graph on the ‘‘Pseudoceratites” added the 
genus Metengonoceras (type species Meten. 
gonoceras inscriptum Hyatt). Further “frag. 
mentation” of the group was effected by 
Spath, who in 1921 proposed the genus Hy. 
pengonoceras (type species Placenticeras 
worthi Kossmat) and again in 1924 proposed 
the genera Epengonoceras (type species 
Sphenodiscus dumbelet Cragin) and Paren- 
gonoceras (type species Amaltheus ebrayi 
deLoriol). In 1931 Spath transferred the 
genus Hypengonoceras to the family Placen- 
ticeratidae and in the same paper, following 
Pervinquiére, questioned the generic dif- 
ferences between Engonoceras and Protengo- 
noceras as well as the validity of Epengono- 
ceras. The crenulated saddles of the type of 
Parengonoceras differ markedly from the 
generally entire saddles of Engonoceras and 
therefore that group probably should have 
generic rank. The generic rank of Meten- 
gonoceras is not as easily justified. 

There are differences of opinion regarding 
the ancestry of the genus Engonoceras as te- 
viewed by Spath (1931, p. 340-342). He re- 
gards this smooth form as a derivative of 
the ornamented genus Knemiceras Boehm. 
However, since both genera have been re- 
ported from the Aptian of South America 
such a conclusion may be subject to te- 
vision. 
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About a score of species referred to Engo- 
as, or to one of the above-mentioned 





cer as, 
coael¥ related groups of species, have been 


described from the Mexican geosyncline. In 
Texas they range from the Trinity (late Ap- 
tian) to the Eagle Ford (early Cenomanian). 
The larger number occur in the Fredricks- 

burg and Washita groups (middle and late 

\jbian). The two known species from Eng- 
| land are late Albian. In Europe, the Near 
fast, and northern Africa the engonocera- 
tds may occur as late as early Senonian. 

The absence of Engonoceras and its close 
allies in the Indian Albian faunas was noted 
py Spath (1930, p. 65) and in the Indio- 
pacific region by Diener (1925, p. 239). 
More recently Matsumoto (1954, table 21) 
ited Engonoceras aff. E. stolleyi Boehm in 
jlate Albian or Cenomanian fauna from the 
Japanese Yatsushiro formation. 

The larger number of species of Knemi- 
crasoccur in the Middle East and northern 
Mrica. They are also known from Europe, 
South America and a few from North Amer- 
ica. A possible representative has been re- 
ported from Borneo (Diener, op. cit. p. 239). 

The abundance of species of engonocera- 
tids in North America has led authors to 
suggest that the Mexican geosyncline was 
the center of distribution of these forms. 
However their absence or rarity outside 
that region may be due in part to an adap- 
tation of these ammonites to a particular 
evironment which did not prevail else- 
vhere while contemporaneous deposits were 
accumulating. 

Scott (1940, p. 331) reported that in 
Texas Engonoceras occurred typically in 
aenaceous limestones developed in less 
than twenty fathoms of water. 

The Oregon specimen was found within a 
two-foot lens of calcareous sandstone in a 
massive conglomerate. Such an occurrence 
would imply a shallow water environment 
for the new species. The meagre associated 
fauna includes: 


Trigonia, sp. (imperfect mold) 

Anomia (?), sp. 

pelecypods (several minute forms) 

Dentalium, sp. 

Natica (?), sp. 

— (juvenile, possibly allied to Tesso- 
x 


fossil wood 
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ENGONOCERATIDAE Hyatt 1900 
ENGONOCERAS Neumayr & Uhlig 1881 
Genotype: Ammonites pier- 
denalis von Buch 

The spelling of this specific name was 
changed to ‘“‘pedernalis,”” by Romer in 1852 
to conform to the name of the Texas stream 
along which it was found. See Boehm (op. 
cit., footnote p. 153); he and many later au- 
thors accepted that unjustified change. 


ENGONOCERAS WILKINSONI Packard, n. sp. 
Text-fig. 1-A—1-C 

This species is based upon an incompletely 
preserved single specimen. It consists of 
about one half of an outer whorl, including 
a small part of the slightly crushed body 
chamber and about one third of the penul- 
timate whorl. Two short sections of the 
periphery of the non-septate portion show 
the nature of the ventral region of that 
whorl. The portion of the earlier whorl is 
well preserved and reveals important diag- 
nostic features. 

The conch is discoidal, compressed with 
flattened flanks that slope regularly from 
the umbilical shoulder to the narrow ven- 
ter. The umbilicus is small, equaling in 
width about 8 percent of the estimated di- 
ameter of the specimen. The impressed 
zone of the outer whorl is about 15 milli- 
meters deep. The umbilical walls are un- 
ornamented as are the well rounded shoul- 
ders of both whorls. The flanks are likewise 
smooth, except for fine growth lines well 
shown on the penultimate whorl and less 
clearly seen on the outer volution. The ven- 
ter of the pentultimate whorl is thin, dis- 
tinctly concave or grooved, at least to a 
whorl height of 19 millimeters, and is bor- 
dered by sharp edges. The periphery of the 
anterior portion of the outer whorl is nar- 
row, flat and bordered by unornamented, 
sharply rounded shoulders. The change 
from the grooved to the flattened venter is 
probably gradual, but as a considerable part 
of the outer margin is missing, no transi- 
tional changes could be observed. 

The line of sutural elements is concave 
toward the aperture from the venter to the 
auxiliaries where it becomes slightly con- 
cave in the opposite direction. 

The varying number of adventitious and 
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auxillary lobes and saddles developed by the 
pesudoceratites present difficulties in the 
identification of the first lobe of a new spe- 
cies for which the ontogeny is unknown. 
Therefore, it seems desirable to state that 
for the purposes of this paper, the external 
saddle is considered as being divided by 
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TEXT-FIG. 1—Engonoceras wilkinsoni Packard, n. sp. The holotype, X1, and an 
enlarged representation on the external suture. 


three adventitious lobes and therefore in- 
cludes four adventitious saddles. Thus, the 
first lobe may or may not represent the true 
one when the ontogeny of the species be- 
comes known. 

As defined above the external saddle is 
divided by three adventitious lobes of which 
the first is shallow, the second narrow and 
bifid and the third much deeper and closely 
resembles that of the first lobe. The first two 
adventitious saddles are entire and similar 
in shape and size. The third is higher, broad- 
er and like the fourth has the general shape 
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and the following two are broad, p 
entire and are all nearly of the 
The stem of these and the last a 
saddle are constricted in a uni 
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one on the outer side is situated 


lobes, The 
a little for. 





ws 





. 


ward of its opposite on the other side of the 
stem. That arrangement allows greater 
depth of the inflection without severing the 
stem. The first and second auxiliary saddles 
are broad, but the remaining are small, low, 
and ill defined. 

The shallow ventral lobe had the oblique 
lobules typical of the genus. The first ad- 
ventitious lobe is shallow, entire and paral- 
lels the ventral margin. The second is slight- 
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ly oblique, bipartate and reaches below the 
level of the ventral lobe. The next 1s wide, 
deep and terminates in two sharp divisions 








One 
orm, 


ious 
hner 


The | 


for- 


he 
er 
ne 


y, 





and possesses a pair of unequal lateral in- 
gections. The first and second lobes are the 
deepest of the entire series. Their bipartite 
terminations and lateral inflections are simi- 
igr to those of the last adventitious lobe and 
also to the succeeding third lobe. The next 
jobe is the widest of the series and appears to 
be tridentate with the lateral inflections less 
yell developed. The remaining auxiliaries 
are shallow and only two appear to be di- 


vided. 


Maximum diameter (estimated) 71) mm. 
eet of last whorl 36.3 mm. 
Width of last whorl 11.3 mm. 
Width of umbilicus 5.7 mm. 
Iavolution of last whorl 15 mm. 
Maximum height of preceding whorl 17.3 mm. 
' 5.3 mm. 


Width of preceding whorl 


Occurrence—Oregon State Locality. In 
the SW3, SE, NE}, Sec. 29, T. 11 N., 
R. 22 E., Mitchell quadrangle, Wheeler 
County, Oregon. Probably late Albian in 
age. From a two-foot lens of hard calcareous 
sandstone within a massive conglomerate. 
Above an extensive body of fossiliferous 
shale with an Albian ammonite fauna and 
about 100 stratigraphic feet below the con- 
tact with the Clarno formation. 

Depository.—Holotype deposited in Stan- 
ford Univ., Paleontological Type Coll.8321. 
Plastotypes at Oregon State College and 
California Academy of Sciences. 

Remarks.—This new species of Engono- 
ceras may be characterized by its small, 
compressed conch; flat and unornamented 
flanks; narrow and channeled venter, with- 
out bordering nodes up to whorl height of 
about 20 millimeters, and by a narrow but 
fattened venter on the body whorl. The su- 
ture with four adventitious saddles is fol- 
lowed by three well developed and several 
auxiliary saddles. The principal lobes are 
deep and possess unique lateral inflections 
that markedly restrict the stem of the 
saddles. 

Due to the relatively poor state of preser- 
vation of the Oregon specimen no attempt is 
made to assign it to any of the allied groups, 
subgenera, of engonocerids. However, com- 
parisons with the type species of those 
groups can be listed. 

It has long been recognized that the early 
stages of at least some species of Engonoceras 
are unornamented and have sharp and often 
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grooved venters. In later growth stages 
these same species develop broader venters 
and umbilical and ventral nodes and costae 
on the flanks. It is recognized that the new 
species from Oregon may represent an im- 
mature individual, yet its suture appears 
more highly specialized than that of most 
known species at a greater diameter. 

The suture of E. wilkinsoni differs from 
E. (Protengonoceras) gabbi in its more 
sharply defined elements; from that of E. 
(Metengonoceras) inscription by its deeper 
and more digitate lobes and more elliptical 
principal saddles; from E. (Epigonoceras) 
dumbelei by its more phylliform saddles and 
deeper lobes; and from E. (Parengonoceras) 
ebrayt by its simple phylliform principal 
saddles and simpler and deeper lobes. 

The suture of E. pierdenalis, the type 
species of Engonoceras, has the general form 
of that of E. wilkinsoni, but the adventitious 
lobes of the new species are deeper, the 
principal saddles more ovate, and the lobes 
are more digitate. Specimens referred to E. 
pierdenalis in the collection of the Texas 
Bureau of Economic Geology also differ in the 
presence of costae at diameters as small as 
35 millimeters. 

The Cenomanian species E. thomasi Per- 
vinquiére has a smooth flank and a trun- 
cated venter, but the Oregon species has a 
sharper and more distinctly gooved venter 
and deeper and more clearly divided prin- 
cipal lobes. 

The only previously known engonoceratid 
from the Indio-Pacific province was re- 
ported by Matsumoto (1954, table 21) as E. 
aff. E. stolleyi Boehm. That Japanese repre- 
sentative has not been described nor illus- 
trated. However, Dr. Matsumoto has kind- 
ly informed the author (letter of March, 
1955) that the two known specimens are 
crushed, small and “that further collection 
is necessary for lending clearer conclusion.” 
The apparent differences between the speci- 
men from Oregon and those found by Mat- 
sumoto indicate the presence of two distinct 
species within this province. 
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TORNOCERAS FROM THE DEVONIAN ONONDAGA LIMESTONE 
OF NEW YORK 
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INTRODUCTION 
Comparatively few goniatites have been 
reported from the late Lower or early 
Middle Devonian (Onesquethaw stage) of 
North America. Miller (1938, p. 5) indicated 
known occurrences of specifically identified 
forms as follows: 
Lower Nevada limestone, Nevada— 
Agoniatites? desideratus (Walcott) 
A. nevadensis Miller 
Onondaga shale (lower Romney formation), 
Virginia and Maryland?— 
Tornoceras buttsi Miller 


Columbus limestone, Ohio— 
T. mithrax Hall 


An additional species ‘‘Anarcestes cf. late- 
ceptatus”’ reported by Stauffer (1909, p. 168, 
174) from the Columbus limestone was ques- 
tioned by Miller (p. 5). Flower (1939, p. 
432) considered it “highly suggestive of 
Werneroceras plebiforme’’ which is charac- 
teristic of the upper Union Springs shale in- 
mediately below the Cherry Valley lime- 
stone in New York. Neither Miller nor 
Flower saw the specimen so its identityis 
still in question. Each of the above speciesis 
known from only one or two specimens. 
Additional ‘“‘upper Onondaga” specimens 
from Maryland and Pennsylvania have been 
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identified as Agoniatites vanuxemi (Kindle, 
1912, p- 37, 107; Prosser & Kindle, 1913, p. 
301-323). These are poorly preserved and 
Miller (p. 5) considered their specific affini- 
ties to be uncertain. _ 

Willard (1939, p. 159) listed “Goniatites 
yndetermined” from the Selinsgrove and 
Needmore units of the Onondaga group in 
Pennsylvania and questionably from the 
older Esopus shale. ‘‘Agoniatites expansus”’ 
(=panuxemi) was listed from the Onondaga 
‘, Maryland, but presumably this is drawn 
from earlier literature and Miller’s remarks 


_ (1940, p. 305) listed Tornoceras 
puttsi from the Onondaga shale (lower Rom- 
ney) in Virginia. This is in reference to the 
specimen described by Miller which was 
collected originally by Butts (Miller, 1938, 


, 148). 

_— (1943, p. 296) reported abun- 
dant Agoniatites vanuxemi from the Need- 
more shale of West Virginia. He correlated 
this with the upper Onondaga limestone 
(New York), the Columbus limestone 
(Ohio) and the Onondaga shale member of 
the Romney formation (Virginia). The 
Needmore fauna (Woodward, 1943, p. 302) 
appears rich enough in Hamilton species to 
represent part of the lower Hamilton as well, 
and the abundant A. vanuxemi may mark 
the Cherry Valley horizon. 

The West Virginia and Ohio goniatites 
and most of the undetermined ones from 
Pennsylvania and Maryland are younger 
than the Nedrow species herein described. 
The lower Romney form (Tornoceras buttsi) 
and the “undetermined”’ Esopus and Need- 
more specimens from Pennsylvania may be 
ofequivalent or slightly greater age. The un- 
identified forms are interesting in showing 
the geographic and stratigraphic extent of 
the group as a whole. 

In New York, Clarke (1901, p. 121; 1903, 
p. 535) reported Agontatites expansus (= 
vanuxemi) from the uppermost Onondaga 
inthe western part of the state. According 
to Miller (1938, p. 54) these are “probably 
specifically distinct from the typical form 
which occurs in the Cherry Valley lime- 
stone.” However, the beds from which 


Clarke's specimens came are nearly if not 
exactly equivalent to the Cherry Valley 
limestone farther east (Oliver, 1954, p. 645— 
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647), and the specimens might well be A. 
vanuxemt. Flower (1939, p. 432) would 
seem to agree with this interpretation. No 
other goniatites have previously been noted 
in the New York Onondaga. 
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STRATIGRAPHY 


The new material is from the Nedrow 
member of the Onondaga limestone in the 
Richfield Springs (15 minute) quadrangle of 
eastern New York. Oliver (1954) described 
the formation in the central part of the 
state. Further work in eastern New York 
has produced much new information which 
is in the process of study, but the general 
stratigraphic situation in the area under 
consideration is as indicated in the earlier 
paper (Oliver, 1954, pl. 1). 

The general Onondaga sequence in the 
Richfield Springs quadrangle is as follows 
(ascending order): 


Edgecliff member, 20 feet. 

The lower half is a fine-grained, medium- 
gray, thick-bedded limestone with a sparse 
rugose coral fauna. The upper half is a coarse, 
light-gray, massive limestone with abundant 
solitary rugose and tabulate corals in a 
crinoidal matrix. 

Nedrow member, 10-12 feet. 

Thin bedded to shaly limestone with a 
platyceratid gastropod and_ brachiopod 
fauna; upper part (with goniatites) is more 
massive and grades to the succeeding mem- 
ber. 

Maprehouse member, 70-80 feet. 
Fine-grained, dark-gray limestone with 
abundant black chert; brachiopods pre- 
dominate, gyroconic nautiloids are charac- 
teristic. 

Seneca member, 6 feet. 

Medium-grained, medium-light-gray, fairly 
massive limestone; brachiopods common. 


The Nedrow member is well down in the 
formation and the new goniatite specimens 
represent the earliest yet described from 
New York. 
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SYSTEMATIC DESCRIPTION 


Tornoceras cf. T. buttsi Miller 
Text-fig. 1a,b 


This description is based on a single 
specimen, an internal mold that is fairly well 
preserved. The specimen is eroded on one 
side but appears to be virtually complete 
on the other. 

The conch is large and is discoidal in 
shape. The adoral three-fifths of the outer 
volution is non-septate and presumably 
represents most of the living chamber, but 
the specimen is not complete adorally. The 
greatest diameter, measured across the um- 
bilicus is 15 cm.; the greatest thickness (re- 
stored) is 3.7 cm. No trace of ornamentation 
is preserved. 

The umbilicus is open with a shoulder to 
shoulder diameter of 1.3 cm., which equals 
an eleventh the diameter of the specimen. 
The umbilical shoulders are subangular 
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where well preserved. The protoconch and 
first whorls are not preserved so the exact 
shape and depth of the umbilicus js not 
known. 

The septa are spaced so that there are 12 
or 13 chambers in the adoral half-whor| of 
the phragmacone. The adoral sutures char. 
acteristically show a deep, narrow ventral 
lobe and on either side of it a rather smalj 
asymmetrically V-shaped ventrolateral] sad. 
dle, a deep, broadly rounded lateral lobe 
and a similar but somewhat smaller lateral 
saddle. The fourth, fifth, and sixth sutures 
from the dorsal end are best preserved, but 
none of these can be traced dorsad of the 
umbilical shoulder. Some of the earlier sy. 
tures show a slight recurvature in the umbil- 
icus which marks the beginning of the dorso- 
lateral lobe. 

The siphuncle was not observed. 

Three additional specimens from the same 
horizon are tentatively referred to the same 


-Tornocerds cf. T. buttsi Miller. Ventral outline and lateral view of specimen from 


Nedrow member of Onondaga limestone, central New York, Xi. 

















PALEONTOLOGICAL NOTES 


es, One of these is from the locality of 
species: ; 
described specimen and the others are 


a localities 1 and 8 miles away. None 
how any sutures. The first is a fragment of 


a specimen the size of the one described; the 
cond is half of a somewhat larger internal 
gold, 17 cm. in diameter; and the third is 
an internal mold of the living chamber of a 
specimen 13-14 cm. in diameter. 

” Remarks. —T he sutures of the described 
specimen are similar to those of Tornoceras 
witsi Miller (1938, p. 147-148, text fig. 31, 
pl. 33, fig. 1), from a comparable horizon 
lower Romney formation) in Virginia. The 
species WaS based on a single specimen of 
gall diameter (6.5 cm.) which Miller (p. 
148) believed to represent a late mature 
individual because of the comparatively 
sort adoral camera. The last 2 septa are 
15 mm. apart whereas preceding septa 
are spaced at 4-5 mm. intervals. In addition, 
Miller tentatively referred a second speci- 
nen (from Maryland) to the same species, 
This individual has a diameter of 3.2 cm. 
but is not well preserved. 

The Onondaga specimen has all the char- 
acters of the genus Tornoceras, but is clearly 
separable from all other species of the genus, 
exept T. buttsi, on the basis of the suture 
pattern. It differs from T. buttsi in its large 
iz. Itis perhaps more than just coinciden- 
tal that the two Romney shale specimens 
ae small (6.5 and 3.2 cm. diameters) while 
three other poorly preserved forms from the 
Qnondaga limestone are comparable in size 
to the specimen herein described (13-17 
cm. diameters). However, it seems best to 
compare the Onondaga forms with the 
esting species rather than establish a new 
one on such evidence. 

Occurrence—The first 3 specimens and 
probably the fourth are from the Nedrow 
member of the Onondaga limestone in the 
Richfield Springs 15 minute quadrangle, 
New York. The figured individual and one 
other were secured in a small gorge just 
south of the Oliver cemetery, 0.8 miles 
south of East Springfield, East Springfield 
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73 minute quadrangle, by Dr. L. V. Rickard 
of St. Lawrence University, while collecting 
with the writer. The third specimen was 
found by the writer in outcrops 0.6 miles 
east of East Springfield. The fourth was 
noted by Rickard lying loose at a locality 
some 8 miles from the other two and was 
collected a year later by Rickard and the 
writer. Its situation and matrix lithology 
suggest that it is from the Nedrow member. 

The described specimen has been de- 
posited in the New York State Museum 
where it is numbered 10786. The other three 
specimens will be kept in the same reposi- 


tory. 
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REVIEWS 


Two numbers of Fossttrum CataLocus II: 
Plantae have appeared recently under the 
continued editorship of W. Jongmans: 
Pars 28 (by W. Jongmans), Filicales, 
Pteridospermae, Cycadales (1955) and 
Pars 29 (by F. M. Wonnacott), Celas- 
traceae (1955). 


Part 28 is a continuation of the ferns, 
seed-ferns and cycads which was initiated in 
Part 27, the latter being the first number to 
appear after the delay caused by the war 
years. Part 28 begins with Adiantites lind- 
saeaformis and concludes with Alcicornop- 
teris which indicates the huge volume of 
material that will ultimately appear under 
this large and difficult assemblage of fossils. 
The problems of preparing and editing so 
voluminous a manuscript can be fully ap- 
preciated only by one who has undertaken 
such a task; it would, however, certainly be 
advantageous if the remainder of this could 
appear as a unit rather than as small parts 
scattered through contributions dealing with 
unrelated plants groups. 

Part 29 continues the same fine standards 
set by Mr. Wonnacott (in collaboration 
with Mr. W. N. Edwards) in Parts 14 and 
20. Wonnacott has followed the form of 
many (but not all) of the previous numbers 
of Fossilium Catalogus in segregating his 
Bibliography (pages vii—xxv) from the Cata- 
logue (pages 1-123); in view of the way the 
references are cited in full I believe that this 
is the preferable method. Twenty-six genera 
attributed to the Celastraceae are recorded, 
with more than half of the 400 species falling 
in the leaf genera Celastrus and Celastro- 
phyllum. Also included are four petrified 
wood genera and a few based on fruits and 
flowers. 

The locality of origin, horizon and present 
deposition is given for each species and a 
final section of the volume shows the geo- 
graphical distribution of the fossil species by 
countries and states (within the U. S.). In 
the author’s words: ‘‘No attempt has been 
made to deal with all the species critically 
but occasional comments have been made 
and where the species include references to 
fruits and woods etc. mention has been 
made accordingly.’”’ Mr.” Wonnacott has 


prepared a contribution that might well 
serve as a standard for the remaining Parts 
of Fossilium Catalogus. 
HEnry N. AnpREws, JR. 
Washington University, St. Loyis 





AsouT DYNAMICS OF SEPTAL DEVELop- 
MENT IN TETRACORALS DURING OntoGexy 
by K. G. Voynovskiy-Kriger, Moskoy 
Obshch. Ispytateley Prirody Byull., Ot. 
del Geol., tom 29, no. 5, p. 51-64, 1954. 


The septa of Paleozoic tetracorals are 
considered the most important part of their 
skeletons; and_ different phylogenetic 
branches are distinguished on the basis of 
type of septa. Up to the date of this report, 
however, the rate of septal development had 
remained unknown. 

The number of septa in corals is con- 
sidered a very important diagnostic feature. 
The diameter of the coral, however, must 
be also considered simultaneously, because 
the number of septa increases with coral 
growth. As a result, some paleontologists 
attempted to use the septal coefficient 
(number of septa per 1 mm. of cross sec- 
tion) for identification of corals. It is very 
easy to show, however, that the use of septal 
coefficients will lead to erroneous results, 
because the septal coefficient changes with 
coral growth. 

Choosing a diameter of one size (for ex- 
ample, 10 mm.), and calculating the num- 
ber of septa for this particular cross section 
in all cases, would not improve the situation, 
because corals in the adult stage differ 
markedly in size. In some corals this diam- 
eter will correspond to maturity, and in 
others, to youth. 

The Soviet paleontologists, therefore, do 
not use the septal coefficients. Instead, they 
tabulate the diameters of corals at different 
stages of growth and the corresponding 
number of septa. 

Voynovskiy-Kriger constructed diagrams 
which show the rate of septal development 
in tetracorals (Text-fig. 1-9; each consisting 
of Curves I, II, and III. All from Voynovskiy- 
Kriger). In all cases, the average diameter 
of corals, or the diameter of the ‘average 
zone’’ when the septa do not reach the outer 
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TEXT-FIG. 1—Dynamics of septal development in Caninia inostranzewi (after Dobrolyubova, 1952). 
n—number of septa; d—diameter in mm.; a—distance in mm. between Ist order septa at outer 
periphery; J, curves of development of single individuals; 2, average curve for Caninia inostranzewi; 
3, individual values and curves showing development of specimens with frequent septa; and 4, in- 
dividual values and curves showing development of specimens with sparse septa. 
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TEXT-FIG. 2—Septal development in Micula antigua (after Sytova, 1952). 
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Text-F1G. j—Septal development in Kyphophyllum lindstrémi (after Sytova, 1952). 
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TEXT-FIG. 4—Septal development in Caractophyllum elongatum (1), Macgea solitaria (II), Pseudo 
bradyphyllum nikitini (111), and Botrophyllum conicum (IV). After Soshkina (1949, 1951) and 
Dobrolyubova (1940). /, Individual values. 2, Average curves. 
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TEXT-FIG. 5—Septal development in Cyathoclisia coniseptum and Cyathoclisia ex gr. tabernaculum 
(after Voynovskiy-Kriger, 1954). 1, Individual values for specimens of Cyathoclisia ex gr. taber- 
naculum. 2, Individual values and curves of development of separate individuals of Cyathoclisia 
coniseptum. 3, Same as No. 2 for Cyathoclisia coniseptum forma biseptata. 4, Average curves: A, 
Cyathoclisia tabernaculum, B, Cyathoclisia coniseptum forma biseptata, and C, Cyathoclisia conisep- 
tum, 
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TEXxtT-FIG. 6—Septal development in Palaeosmilia murchisoni (after Kabakovich, 1952). 
1, Curves showing development of individual specimens. 2, Average curves. 


wall, was plotted on the abscissa. In con- 
structing Curve I, the number of 1st order 
septa (n) was plotted on the ordinate; 
whereas the septal coefficient (n/d) was 
plotted on the ordinate in preparing Curve 
II, to show the changes in septal coefficient 
with growth of the coral. 

In constructing Curve III, Voynovskiy- 
Kriger plotted the distance between two 
adjacent septa of Ist Order (in mm.) on the 
ordinate. This distance is designated as 
“q" (=ad/n) and is inversely proportional 
to the septal coefficient (n/d). The septal 
coeficient, therefore, will remain constant 
only if the distance ‘‘a’’ does not change 
during the growth of the coral, which is un- 
likely. 


Some scattering of points in Curve I is 
probably indicative of individual variations 
of corals. The Curves II and III, on the 
other hand, were plotted on the basis of 
values taken from the average smooth 
Curve I (for diameters equal to 2, 5, 10, 15, 
20, and 25 mm.). 

An examination of Curve I in the text- 
figures led Voynovskiy-Kriger to make the 
following observations: 

1. In some corals (Kyphophyllum lindstrémi 
Wdkd., Micula antiqua Sytova, and, possibly, 
Gshelia rouilleri Stuck.) one can rarely observe 
an early stage of septal development with rela- 
tively slow increase in the number of septa. 
Voynovskiy-Kriger proposed to call this stage 
“adolescent” (nepionic) (Text-fig. 2,3). 

2. The second stage, which is called “‘youth- 
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Text-F1G. 7—Septal development in Stenophyllum uralicum (after Soshkina, 1949). 
1, Curves showing development of individual specimens. 2, Average curves. 
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TExtT-FIG. 8—Septal development in Gsh 


elia rouilleri (after Dobrolyubova, 1940). 


1, Curves showing development of individual specimens. 2, Average curves. 


ful’’ (neanic) by Voynovskiy-Kriger, is charac- 
terized by the rapid rate of increase in the 
number of septa (steep portions of Curve I). 
This stage probably reflects the need of a grow- 
ing coral to increase stability. 

3. The number of septa gradually increases 


during the third stage, called ‘‘mature’’ 
(ephebic) by Voynovskiy-Kriger. The rate of 
increase, however, decreases progressively; 


evidenced by the convexity of Curve I. In 
only Tabulophyllum gorskyi (Bulv.), Cyatho- 
clisia ex gr. tabernaculum Dingw., and Bothro- 
phyllum conicum Trd. do the mature portions 
of Curves I approach a straight line. In these 
cases, the relationship between the diameter 
and number of septa can be expressed as 
simple formulas. For example: Cyathoclisia ex 
gr. tabernaculum n~13.5+2.37 d, where ‘“d”’ 
is expressed in mm. 

4. Curve I becomes almost parallel to the 
abscissa (Text-fig. 2,3) during the last stage, 
which was called ‘“‘old’’ (gerontic) by Voy- 
novskiy-Kriger. Although the diameter con- 
tinues to increase during this stage, the num- 


ber of septa remains constant or increases very 

slowly. Obviously, during the “‘old”’ stage the 

distance between the adjacent septa increases 
markedly. 

The ‘‘old” stage was observed in Ky. 
phophyllum lindstrémi Wdkd., K. elkiense 
Sytova, Entelophyllum uralicum (Soshk.), 
Neostringophyllum pronini Soshk., Pseudo- 
petraia devonica (Soshk.), some specimens of 
Palaeosmilia murchisoni stutchburyi Edw. et 
Haime, possibly Pseudamplexus ligeriensis 
(Barrois), and others. 

Curve II in Text-fig. 1-3,5-9 shows the 
variation of septal coefficient with increas. 
ing diameter. In all cases, the septal co- 
efficient decreases rapidly with coral growth. 

The septal coefficient reaches the highest 
value in corals of the ‘“‘multiseptata” group 
(with numerous septa; in some forms the 
number of septa reaches 100 at a diameter of 
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TEXT-F1G. 9—Septal development in En 


telophyllum uralicum (after Sytova, 1952). 
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TABLE 1.—SEPTAL COEFFICIENT (n/d) AND DISTANCE BETWEEN 


ist ORDER SEPTA (a) IN DIFFERENT CORALS 





ee we 


n/d | a 

















| 
Name of coral | - - Group 
| Youth | Maturity | Youth | Maturity 
‘iq inostranzewt Stuck. $2 | 6s | 0.9 3.5 
isons aster var. rizoides Soshk. | So. | te | 0.9 | 2.2 oligoseptata 
Senophyllum uralicum Soshk. ) 3.0 | 1.3 | Le § #4 | 
: | | | | | | 
carinia muralis (Soshk.) | SO |} 2.4 | 0.6 | is i 
A mophyllum mosquense Dobr. | — | 2.2 | 1.45 | mesoseptata 
Gangamophyllum boreale Gorsky — 1.39 — | ae | 
Gshelia rouilleri Stuck. ) 4.7 7] 1.1 | 0.7 | 2.795 
milia murchisoni Edw. et Haime | 6.0 2:5 0.5 ‘2 multiseptata 
— 34 57 | Cos 1.15 


Cyathoclisia ex gr. tabernaculum Dingw. 





35 mm.), and lowest in the “oligoseptata”’ 
group (with few septa; the number of septa 
ata diameter of 15 mm. does not exceed 28). 
The septal coefficients of the ‘‘mesoseptata”’ 
group (intermediate in number of septa be- 
tween the ‘‘multiseptata” and ‘‘oligosep- 
tata” groups) occupy an intermediate posi- 
tion (Table 1). 

In all corals studied by Voynovskiy- 
Kriger, the septal coefficient ranged from 
3.0 to 8.0 in youth and 0.8 to 2.75 at ma- 
turity. 

The examination of Curves III, which 
show the relationship between distance ‘‘a”’ 
and the diameter of corals, reveals that the 
distance ‘‘a”’ is continuously increasing with 
growth of the coral. The rate of this increase 
is rapid (steep curves) in the corals of the 
“oligoseptata”’ group, and slow in corals of 
the “multiseptata’’ group. In some corals of 
the “multiseptata’”’ group, Curve III asymp- 
totically approaches the horizontal line 
(Text-fig. 5, II] A), which indicates that the 
distance between the Ist order septa ap- 
proaches a constant value. 

In maturity, the distance ‘‘a”’ reaches 2.3- 
3.5 mm. in the “oligoseptata” group, and 
1.0-1.2 mm. in corals of the ‘“‘multiseptata”’ 
group. The distance ‘‘a’’ of the ‘‘mesosep- 
tata” group of corals occupies an _ inter- 
mediate position. 

Voynovskiy-Kriger observed that the 2nd 
order septa develop when the diameter is 
equal to 1.4 to 12 mm. (avg. 6.0 mm.) and 
the number of the 1st order septa ranges 
from 9 to 28 (avg. 17). The corresponding 
distance “a"’ ranges from 0.5 to 1.60 mm. 
(095 mm. avg.). 





It seems that the 2nd order septa are in- 
troduced only when distance “‘a’’ is exces- 
sive and the coral needs further strengthen- 
ing. Voynovskiy-Kriger also observed that 
the 2nd order septa are introduced at the 
same four points as the septa of 1st order, 
and do not all form at the same time. 

The irregularities exhibited by the Curves 
I, II, and III in Text-figure 9 are probably 
due to the fact that Entelophyllum uralicum 
is characterized by the irregular narrowing 
and swelling of the cup. 

Conclusions.—The graphic representation 
of the septal development in corals pro- 
posed by Voynovskiy-Kriger will be of great 
value in establishing genetic relationships 
between the various groups of corals. In 
some cases, the diagrams can also be used to 
differentiate a small but completely mature 
specimen from one in a ‘‘youthful”’ stage. 


BIBLIOGRAPHY CITED 


DosroLyuBova, T. A., 1940, Rugosa corals of 
upper Carboniferous of Podmoskovnyy basin: 
Paleont. Inst. Akad. Nauk SSSR Trudy, tom 9, 
vypusk 3. 

——, 1952, Caninia inostranzewi Stuck. from 
Steshevskiy horizon of lower Carboniferous 
of Podmoskovnyy basin: ibid., tom 40. 

KABAKOVICH, N. V., 1952, Palaeosmilia sp. corals 
from lower Carboniferous of Podmoskovnyy 
basin: ibid., tom 40. 

Sosukina, E. D., 1949, Devonian Rugosa corals 
from Ural: ibid., tom 15, vypusk 4. 

——, 1951, Late Devonian Rugosa corals, their 
systematics and evolution: ibid., tom 34. 

Sytova, V. A., 1952, Upper Silurian corals of 
Kyphophyllidae family from Ural: ibid., tom 40. 


GEORGE V. CHILINGAR 
University of Southern California 































JOURNAL OF PALEONTOLOGY, VOL. 30, No. 2, Pp. 412-415, MaRcH 1956 


SOCIETY RECORDS AND ACTIVITIES 


PROGRAM FOR S.E.P.M., CHICAGO MEETING (Conrad Hilton Hotel) 
Robert R. Shrock, Technical Program Chairman 





SUMMARY OF PROGRAM 





SUNDAY, APRIL 22 
Registration ; 
S.E.P.M. Council "t. 
MONDAY, APRIL 23 
Registration and Committee Meetings, Grand Ballroom Day 
Research Committee Symposium: Directional Properties of Sedimentary Rocks, Grand ~ a4 
Ballroom 1:45 py 
Special Panel Session: Discussion of Topics Covered by Symposium, Follows Immediately ie 
Meeting of Research Committee 5:00 py, 
TUESDAY, APRIL 24 
Joint Session with A.A.P.G.; Addresses, Honors, and Awards, Grand Ballroom 9:0 4.y 
General Paleontology and Stratigraphy, Waldorf Room 1:45py 
Annual Business Meeting, Waldorf Room 4:30 py 
WEDNESDAY, APRIL 25 ? 
Symposium on Paleoecology, Waldorf Room 9:00 au. 
Mineralogy and Sedimentary Petrology, Waldorf Room 1:45py, P 
Annual Dinner Dance EVENING | 


THURSDAY, APRIL 26 


Mineralogy and Sedimentary Petrology, Waldorf Room 9:00 4u. iz 
General Paleontology and Stratigraphy, Waldorf Room 1:45 py, | 
Meeting of New S.E.P.M. Officers 4:00py. Ff 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
PROGRAM FOR 30TH ANNUAL MEETING 


MONDAY, APRIL 23 1:45 py. & 
Grand Ballroom, Conrad Hilton Hotel 


RESEARCH COMMITTEE SYMPOSIUM: DIRECTIONAL PROPERTIES L 
OF SEDIMENTARY ROCKS 


Part I, Presentation of Papers } 


1. INTRODUCTION, Raymond Siever, Illinois State Geological Survey, Urbana, IIlinois 
2. FLUME EXPERIMENTS ON THE PRODUCTION OF STRATIFICATION AND CROSS F + 
STRATIFICATION, Edwin D. McKee, U. S. Geological Survey, Washington, D. C. : 
. SAND-GRAIN ORIENTATION AND GEOLOGICAL APPLICATION, Gene A. Rusnak, 
Scripps Institution of Oceanography, La Jolla, California 
. GRAIN ORIENTATION STUDIES OF RECENT SANDS, Joseph R. Curray, Scripps Institu f° 
tion of Oceanography, La Jolla, California : 
. DIRECTIONAL PROPERTIES OF SOME CALIFORNIA SANDSTONES, L C. Bonham, f ‘: 
California Research Company, La Habra, California 
. ORIENTED PHENOMENA PRODUCED BY SEDIMENTATION FROM TURBIDITY§ ° 
CURRENTS AND IN SUBAQUEOUS SLOPE DEPOSITS, John E. Sanders, Yale University, F 
New Haven, Connecticut ; \ 
7. TRACING TURBIDITY CURRENT DEPOSITS DOWN THE SLOPE OF AN ALPINE 
BASIN, Albert Carozzi, University of Illinois, Urbana : 


wW 


NO Of 














Part II, Panel Discussion 
Discussion of each paper will be deferred until all papers have been presented. 
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APRIL 24 9:00 A.M. 
TUESDAY, Grand Ballroom, Conrad Hilton Hotel 


QINT SESSION WITH AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
aa AND SOCIETY OF EXPLORATION GEOPHYSICISTS 


Addresses, Honors, and Awards 





Presiding for S.E.P.M.: J. Marvin Weller, University of Chicago 
EFENSE OF OUTDOOR GEOLOGY 





ie ois j. Pettijohn, President, Society of Economic Paleontologists and Mineralogists 
| ppESENTATION OF 5.E.P.M. AWARDS 
Raymond Siever, Illinois State Geological Survey 
“ Best Paper in 1954 in Journal of Paleontology 
Recipient: Donald Parkinson, Birmingham, England 
Best Paper in 1954 in Journal of Sedimentary Petrology 
Recipients: H. N. Fisk, E. McFarlan, Jr., C. R. Kolb, and L. J. Wilbert, Jr. (Deceased) ; 
Houston, Texas, Houston, Texas, and Vicksburg, Mississippi 
S.E.P.M. HONORARY MEMBERSHIP 


J. Marvin Weller 
Recipient: Raymond S. Moore, University of Kansas 


TUESDAY, APRIL 24 
Waldorf Room, Conrad Hilton Hotel 
GENERAL PALEONTOLOGY AND STRATIGRAPHY 


|, ECOLOGICAL INTERPRETATION OF THE PLIOCENE AND PLEISTOCENE STRATIG- 

‘RAPHY IN THE GREAT PLAINS REGION, John C. Frye & A. Byron Leonard, Illinois 
State Geological Survey, Urbana, Illinois; University of Kansas, Lawrence, Kansas 

) PROBLEM OF SCIENTIFIC NOMENCLATURE APPLICABLE TO FRAGMENTARY 

“FOSSILS, Raymond C. Moore & P. C. Sylvester-Bradley, University of Kansas, Lawrence, 
Kansas; University of Sheffield, Sheffield, England 

3, SIGNIFICANCE OF LIVING FORAMINIFERAL POPULATIONS ALONG THE CENTRAL 
TEXAS COAST, Fred B. Phleger, Scripps Institution of Oceanography, La Jolla, California 

4 PALEOECOLOGY OF THE FLORIDA MIOCENE, Harbans S. Puri & Robert O. Vernon, 
Florida Geological Survey, Tallahassee, Florida 

3, RECENT AND ANCIENT PENETRANTS, Maxim K. Elias, University of Nebraska, Lincoln, 
Nebraska 

6, SEDIMENTARY REFLECTIONS OF THE DEPOSITIONAL ENVIRONMENT IN A 
COASTAL LAGOON, Harris B. Stewart, Jr., Scripps Institution of Oceanography, La Jolla, 
California 

7, MARINE ECOLOGY AS AN AID IN THE TEACHING OF INVERTEBRATE PALEON- 

TOLOGY AND STRATIGRAPHY, William H. Mathews, III, Lamar State College of Tech- 

nology, Beaumont, Texas 

WEDNESDAY, APRIL 25 9:00 A.M. 

Waldorf Room 
SYMPOSIUM: PALEOQOECOLOGY 
|. INTRODUCTORY REMARKS, Robert R. Shrock, Massachusetts Institute of Technology, 


Cambridge, Massachusetts 
). PLAN OF SYMPOSIUM, Harry S. Ladd, U. S. Geological Survey, Washington, D. C. 


1:45 P.M. 





i, MARINE LEVEL-BOTTOM ANIMAL COMMUNITIES OF RECENT SEAS, Gunnar Thor- 
son, Copenhagen Zoological Museum, Copenhagen, Denmark 
4. CONDITIONS OF LIFE IN THE SEA, Joel W. Hedgpeth, Scripps Institution of Oceanography, 


La Jolla, California 
§. PPALEOQECOLOGICAL EVIDENCE FURNISHED BY FOSSILS, Harry S. Ladd, U. S. Geologi- 


cal Survey, Washington, D. C. 

6. PALEOECOLOGICAL EVIDENCE FROM SEDIMENTS, Bernhard Kummel, Harvard Uni- 
versity, Cambridge, Massachusetts 

7. ATOMS AS PALEOECOLOGICAL INDICATORS, Kenneth E. Lohman, U. S. Geological 
Survey, Washington, D. C. 

§ NEW TECHNIQUES IN PALEOECOLOGY, Philip H. Abelson, Geophysical Laboratory, 
Carnegie Institution of Washington, Washington, D. C. 


WEDNESDAY, APRIL 25 1:45 p.m. 
Waldorf Room 
MINERALOGY AND SEDIMENTARY PETROLOGY 


|. UNIFORMITARIANISM IS A DANGEROUS DOCTRINE, Paul D. Krynine, The Pennsyl- 


vania State University, University Park, Pennsylvania 
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2. TERTIARY REEF LIMESTONES FROM SOUTHERN LOUISIANA AND GUAM McLai 
J. Forman & Seymour O. Schlanger, c/o Gordon Atwater, consulting geologist, New Orl “ 
Louisiana; U. S. Geological Survey, Washington, D. C. Cans, 

3. REVISIONS IN THE MINERALOGY OF THE FUNAFUTI DRILL CORES AND THE] 
BEARING ON THE PHYSIOCHEMISTRY OF DOLOMITE, Robert F. Schmalz, 4 “ 
Chemical Center, Maryland eee J 

4. HEAVY-MINERAL ASSEMBLAGES OF THE CORAL-REEF LIMESTONES AT THE BASE 
OF THE TRICHINOPOLY CRETACEOUS (CENOMANIAN TO DANIAN), SOUTH 
INDIA, G. Gundu Rao, The Pennsylvania State University, University Park, Pennsylvania 

5. PETROGRAPHY AND GENESIS OF THE OGALLALA ““ALGAL LIMESTONE” [N KAN 
SAS AND ADJACENT STATES, Ada Swineford, John C. Frye, & A. Byron Leonard State 
Geological Survey of Kansas, Lawrence, Kansas; Illinois State Geological Survey Urba 4 
Illinois; University of Kansas, Lawrence, Kansas - ™ 

6. SHELF-EDGE, CALCAREOUS PROMINENCES IN THE NORTHEASTERN GULF of 
MEXICO, John C. Ludwick & William R. Walton, Gulf Research and Development Compan 
Houston, Texas y 

7. SILURIAN REEFS OF THE NORTHERN EDGE OF THE EASTERN INTERIOR Basyy 
John B. Sangree, Jr., Northwestern University, Evanston, Illinois i 

8. TRANSITIONAL PERMO-PENNSYLVANIAN SEDIMENTS OF THE ROWE-MoRA 
BASIN, NEW MEXICO, Raymond Sidwell & G. Frederick Warn, Texas Technological College 


Lubbock, Texas 


THURSDAY, APRIL 26 9:00 aw. 
Waldorf Room 


MINERALOGY AND SEDIMENTARY PETROLOGY 


1. ALICE IN GRAYWACKELAND, Paul D. Krynine, The Pennsylvania State University, Unj. 
versity Park, Pennsylvania 

2. RELATION OF PETROLOGY AND STRUCTURE TO PRODUCTIVITY IN A STRAT. 
GRAPHIC TRAP, LINDEMANN (McMILLAN SAND) OIL FIELD, RUNNELS 
COUNTY, TEXAS, Morton K. Blaustein, Midland, Texas 

3. PERMEABILITY LOSS FROM SWELLING OF MATRIX CLAYS IN SUB-GRAYWACKES 
G. Harvey Hamilton & George R. Downs, Union Oil Company of California, Denver, Colorado: 
Consulting Geologist, Denver, Colorado 

4, DIFFERENTIAL COMPACTION OF PENNSYLVANIAN SEDIMENTS IN RELATION | 
TO SAND-SHALE RATIOS, JEFFERSON COUNTY, ILLINOIS, Joseph C. Mueller & 
Harold R. Wanless, Continental Oil Company, Oklahoma City, Oklahoma; University of 
Illinois, Urbana, IIlinois 

5. CLAY-MINERAL COMPOSITION OF RECENT SEDIMENTS FROM THE MISSISSIPPI 
RIVER DELTA, W. D. Johns, Jr., & R. E. Grim, University of Illinois, Urbana, Illinois 

6. ENVIRONMENTAL CONDITIONS AFFECTING THE DEPOSITION OF BEACH SANDS 
BETWEEN VIRGINIA AND FLORIDA, Suzanne F. Bershad & John K. Duncan, Division 
of Oceanography, U. S. Navy Hydrographic Office, Washington, D. C. 

7. MIDDLE PALEOZOIC TECTONIC HISTORY OF NORTH-CENTRAL AND NORTH. 
WESTERN UTAH, James E. Brooks, Southern Methodist University, Dallas, Texas 

8. TRIASSIC IN THE EASTERN GREAT BASIN, David L. Clark & William Lee Stokes, Uni- 
versity of Iowa, Iowa City, Iowa; University of Utah, Salt Lake City, Utah 


THURSDAY, APRIL 26 1:45 py. 
Waldorf Room 


GENERAL PALEONTOLOGY AND STRATIGRAPHY 


1. THE IDENTIFICATION OF OSTRACODE GENERA AND SPECIES IN THIN SECTIONS, 
Stuart A. Levinson, Humble Oil & Refining Company, Houston, Texas 

. A FAUNULE OF UNUSUAL NONMARINE OSTRACODA FROM THE PLIOCENE OF 
IDAHO, Daniel J. Jones & Norman R. Anderson, University of Utah, Salt Lake City, Utah 

. CONODONTS FROM THE TYPE CHESTER, ILLINOIS, Carl B. Rexroad, Texas Technologi- 
cal College, Lubbock, Texas 

. UPPER DEVONIAN SUBSTAGES AND THEIR WORLD-WIDE CORRELATION ON 
THE BASIS OF CONODONTS, Klaus J. Miiller, State University of Iowa, Iowa City, Iowa 

. SPECIFIC VARIATIONS AMONG ARENACEOUS SILURIAN FORAMINIFERA FROM 
ILLINOIS, Howard Schwalb & Charles Collinson, Illinois State Geological Survey, Urbana, 
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KNIKER, HEpwic T., 761 Baker Ave., Seguin, 
Texas 

*KOBAYASHI, TEIICHI, Geol. Inst., Faculty of 
Science, Univ. of Tokyo, Tokyo, Japan 

KOENIG, Kart J., Texas A. & M. College, College 
Station, Texas 

KoesteR, Epwarp A., 302 Orpheum Bldg., 
Wichita, Kan. 

*KORNFELD, JOSEPH A., 301 Oil Capitol Bldg., 
Tulsa, Okla. 

KRAETSCH, RALPH B., JR., 550 Tulane St., 
Salinas, Calif. 

*KRAFT, JOHN CHRISTIAN, Shell Oil Co., Box 
126, Holbrook, Ariz. 

KRAUSE, ERwIN K., Shell Oil Co., Box 1861, 
Corpus Christi, Texas 

*KRAYE, ROBERT FRANK, Atlantic Refg. Co., 
Box 323, Cherry, III. > 

*KRINSLEY, Davip H., 7645 East End Ave., 
Chicago, III. 
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KRUMBEIN, W. C., Northwestern Univere: 

Evanston, Ill. Niversity, 
KRYNINE, PauL D., Pennsylvania St . 
a a ;, 

University Park, Pa. te Uniy,, 

“KEUNEN, Pu. H., Geologisch Instit 

. uut . 

weg 1, Groningen, Netherlands + Melk. 


KUFFEL, GEORGE C., 4231 Pj 
Beach, Calif. ne Ave, Long 
KuGLer, H. G., Trinidad Leaseholds Ltd 


Pointe-a-Pierre, Trinidad, B. W. | 
KUMMEL, BERNHARD, Harvard Uniy 
bridge, Mass. ‘ 
*KupPeR, Kaus, Prinz Eugenstrasse 14 Vienn 
Austria ” 
Kuyt, OTto SAMUEL, Westerlookade 28, Voo 
burg, Netherlands — 


Cam. 


a ew S., 3905 Leland St., Chevy Chase 


LAIMING, Boris, The Texas Co., 929 S, 
way, Los Angeles, Calif. S. Broad. 

LairD, RoBert F., 607 Panorama Dr., Bakers. 
field, Calif. 

LALIcKER, CEcIL G., Box 991, McAllen, Texas 

*LamB, JAMES L., 1302 Crawford St., Bakers. 
field, Calif. 

LANDES, KENNETH K., Univ. of Michigan, Ann 
Arbor, Mich. 

LanG, WALTER B., U.S. Geol. Survey, Washing- 

. “ti, wr" 

ATTA, LEE ALLEN, 401 Pioneer Bldg. Lak 

Charles, La.. we ate 

LATTMAN, LAURENCE H., 877 Stevendale Dr. 
Pittsburgh, Pa. 

*LAUKEL, QUINN C., Univ. of Kansas, Lawrence, 
Kan. 

LauTH, RoBErtT E., Box 776, Durango, Colo. 

LAUTENSCHLAGER, H. K., Standard Oil Co. of 
California, Box 278, Oildale, Calif. 

LAVERY, JOHN P., JR., Reserve Oil & Gas Co,, 
Box 71, Mettler Sta., Bakersfield, Calif. 

LEASE, LESLIE W., Box 146, Basin, Wyo. 

LEBLanc, RuFrus J., Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Texas 

*LEHMANN, ELRoy PAUL, Wesleyan Univ., Mid- 
dletown, Conn. 

LEIBROCK, RoBERT M.., Stanolind Oil & Gas Co., 
Midland, Texas 

LEITH, CARLTON J., 8906 Mills Ave., Whittier, 
Calif. 

*LEONARDI, PIERO, Via Boldini 14, Ferrara, 


Italy 

LeRoy, LESLIE W., Colorado School of Mines, 
Golden, Colo. 

*LeutTz, WILLARD P., 5019 N. High St., Colum- 
bus, Ohio 

*LEVINSON, ALFRED 
Columbus, Ohio 

Levinson, Stuart A., Humble Oil & Refg. Co, 
Box 2180, Houston, Texas 

Levorsen, A. I., 1523 E. Twenty-seventh St. 
Tulsa, Okla. 

Lewis, WILLIAM J., 4407 Marsha St., Bakers- 
field, Calif. 

Licut, MitcHeELt A., California Research Corp. 
Box 446, La Habra, Calif. 
LinpBLoM, RoBERT GRANT, Standard Oil Co. of 

California, 11-C Office, RTN-1, Taft, Calif. 


A., Ohio State Univ., 
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FRANK, JR., Stanolind Oil & Gas Co., 


Le 238, Salt Lake City, Utah 


LttLE, CURTIS J., Lion Oil Co., Box 2049, Cas- 


Wyo. 
iosticH, ALFRED R., JR., U.S. Natl. Museum, 


ington, D. C. 
L A, 4 804 Subway Terminal Bldg., Los 
Angeles, Calif. 
LOHMAN, CLARENCE, Jr., 2433 Inwood Dr., 
Houston, Texas ; 
Louse, E. ALAN, Shell Oil Co., Box 1861, 
Corpus Christi, Texas ; ; 
LoMBARD, AUGUSTIN E., Laboratoire Geologie, 
Universite Libre, Brussels, Belgium 

sLonG, ROBERT E., 4344 Linden Ave., Long 
INU, h, Calif. 

- Joun T., Univ. Sta., Box B., Austin, 

..m I. S., Geol. Dept., The University, 
Bristol, England ; ; 

*LovesoY, BILL P., Shell Oil Co., Box 1509, Mid- 
land, Texas ; . 

LoweNstaM, Heinz A., California Inst. of 
Technology, Pasadena, Calif. ; 

LowMAN, SHEPARD W., Rensselaer Polytechnic 
Inst., Troy, N. Y. 

Lozo, FRANK E., JR., Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Texas 

Lucas, ELMER LAWRENCE, 219 W. Eufaula St., 
Norman, Okla. ; i 

‘Lucas, GABRIEL, Laboratoire de Geologie Ap- 
pliquee, Faculte des Sciences, Alger, Algeria 

LucKETT, JOSEPH WHEELER, JR., Pure Oil Co., 
Box 671, Midland, Texas 

*LupwWICK, JOHN C., JR., 4002 Dunlavy, Apt., 4 
Houston, Texas 

Luex, Arvin L., 1800 S. Twenty-fourth St., 
Lincoln, Neb. ; 

*Lunp, Ernest H., 1208 Victory Garden, Talla- 
hassee, Fla. 

LyncH, SHIRLEY A., Texas A. & M. College, 
College Station, Texas 

Lyon, CraiG A., Standard Oil Co. of California, 
Salt Lake City, Utah 


Masy, RoBpert L., Jr., Arabian American Oil 
Co., Dhahran, Saudi Arabia 

*MacraDYEN, W. A., Hope’s Grove, Tenterden, 
Kent, England 

Mackay, IAN H., 216-29 Avenue N. W., Calgary, 
Alta., Canada 

*MacLACHLAN, MARJORIE E., U. S. Geol. Sur- 
vey, Paleotectonic Map Project, Denver, 
Colo. 

MacNaucuTon, Lewis W., 4636 Meadowood 
Rd., Dallas, Texas 

MabDEN, LLoyp W., McElroy Ranch Co., Box 
912, Midland, Texas 

Macaw, Mary CATHERINE, Shell Oil Co., 2005 
Alamo Natl. Bank Bldg., San Antonio, 
Texas 

*MAGNE, JEAN, c/oS. N. Repal, B. P. 105, Alger, 
Algeria 

"Major, C. Frep, Jr., Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Texas 

*MAKIYAMA, JIRO, Kyoto Univ., Kyoto, Japan 

Maticoat, ARTHUR F., Gulf Oil Corp., 5311 
Kirby Dr., Houston, Texas 


MALLory, V. STANDISH, Univ. of Washington, 
Seattle, Wash. 

*MANDRA, YorRK T., San Francisco State Col- 
lege, San Francisco, Calif. 

— E., U. S. Geol. Survey, Washington, 

MANKIN, CHARLES JOHN, 1819 West Thirty- 
seventh, Austin, Texas 

MANN, JOHN F., JR., 3680 University Ave., Los 
Angeles, Calif. 

MARCHER, MELVIN V., 1550 Marjorie St., Mem- 
phis, Tenn. 

*MARCHETTI, Marco Pirro, Gulf Italia Co., 
Via del Corso 303, Rome, Italy 

Marks, EDWARD, Union Oil Co. of California, 
Box 613, Bakersfield, Calif. 

Marks, JAY GLENN, Creole Petr. Corp., Apt. 
172, Maracaibo, Venez, S. A. 

*MARRALL, GERALD E., 312 N. Russell Ave., 
Fullerton, Calif. 

MARTENS, JAMES H. C., Rutgers Univ., New 
Brunswick, N. J. 

MARTIN, JAMES L., JR., Sinclair Oil & Gas Co., 
Box 521, Tulsa, Okla. 

— Lewis, Stanford University, Stanford, 
Calif. 

—«< Lois T., 619 Arvin St., Bakersfield, 
Calif. 

MarTIN, WAYNE D., Miami Univ., Oxford, Ohio 

MarTYN, Pui F., 5450 Tilbury Dr., Houston, 
Texas 

Masson, PETER H., Humble Oil & Refg. Co., 
Bellaire, Texas 

MATEER, WARREN D., Colorado School of 
Mines, Golden, Colo. 

*MATHER, KATHARINE, Waterways Experiment 
Sta., Drawer 2131, Jackson, Miss. 

MATTHEWS, WILLIAM H., III, Lamar State 
College of Technology, Beaumont, Texas 

Mattox, RICHARD B., Texas Technological Col- 
lege, Lubbock, Texas 

*MAURENBRECHER, A. L. F. J., Shell Condor, 
Apt. Aereo 3439, Bogota, Colombia, S. A. 

Maync, WoLr, Venezuelan Atlantic Refg. Co., 
Apt. 893, Caracas, Venez., S. A. 

McBripE, Mary Woop, 2932 Merida, Fort 
Worth, Texas 

McCuuer, Ropert D., 4342 Crowley, Dallas, 


exas 

McCommons, WILLIAM E., Nortex Oil & Gas 
Corp., 1521 Fidelity Union, Dallas, Texas 

McCrossan, R. G., 1619 Thirty-third Ave., 
S. W., Calgary, Alta., Canada 

McEAcuin, WRIGHT DANIEL, Sinclair Oil & Gas 
Co., 901 Fair Bldg., Fort Worth, Texas 

McFarRLAN, Epwarp, Jr., Humble Oil & Refg. 
Co., Box 2180, Houston, Texas 

McGsE, DEAN A., Kerr-McGee Bldg., 306 N. 
Robinson, Oklahoma City, Okla. 

*McGLasson, RoBerT, 7029 Stafford Ave., Apt. 
G, Huntington Park, Calif. 

McGrecor, Duncan J., State Geol. Survey, 
Indiana Univ., Bloomington, Ind. 

*McINTyRE, JOHN B., 1010 Paul Drive, Rock- 
ville, Md. 

McKay, ALEXANDER E., Continental Geophys- 
ical Co., 603 Continental Life Bldg., Fort 
Worth, Texas 
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McKEE, Epwin D., U. S. Geol. Survey, Federal 
Center, Denver, Colo. 

McLavuGHiin, Donatp H., Jr,. California 
Ecuador Petr. Co., Casilla 1256, Quito, 
Ecuador, S. A. 

McLEAN, JAMES D., JR., 4 Summit PIl., Belle 
Haven, Alexandria, Va. 

McLeEop, ANnGus, 412 Maple Terrace, Dallas, 


Texas 

McManus, Dean ALvis, 1137 Kentucky, Law- 
rence, Kan. 

McMaster, RoBert L., Narragansett Marine 
Lab., Univ. of Rhode Island, Kingston, R. I. 

McMILLIN, FREDERICK A., College of Puget 
Sound, Tacoma, Wash. 
McNutty, CHARLES L., Jr., Continental Oil 
Co., Petroleum Bldg., Roswell, N. Mex. 
*MEANS, JOHN A., Sun Oil Co., Box 1270, Mc- 
Allen, Texas 

*MELENDEZ, BERMUDO, Francisco Navacerrada 
10-1°, Madrid, Spain 

MELLEN, FREDERIC F .., Box 2584, Jackson, Miss. 

*MELLIs, Otto, Mineralogiska Institutionen, 
Drottninggatan 116, Stockholm, Sweden 

MELNIKOFF, TIKHON P., The Texas Co., 929 
S. Broadway, Los Angeles, Calif. 

MENARD, HENRY W., Jr., Naval Electronics 
Lab., San Diego, Calif. 

MENCHER, ELy, Massachusetts Inst. of Tech- 
nology, Cambridge, Mass. 

*MERLA, GIOVANNI, Istituto di Geologia, Via 
Lamarmora 4, Florence, Italy 

MERRIAM, DANIEL FRANCIS, State Geol. Survey, 
Univ. of Kansas, Lawrence, Kan. 

MEss1INA, ANGELINA R., American Museum of 
Natural History, New York, N. Y. 

MEYER, RICHARD F., Box 1287, Roswell, N. 
Mex. 

MEYER, WILLIs G., 1400 Republic Natl. Bank 
Bidg., Dallas, Texas 

MEYERHOFF, ARTHUR A., 937 Roble Ridge, Palo 
Alto, Calif. 

MICHELIN, JAMES, 1135 W. Huntington Dr., 
Arcadia, Calif. 

*Mippour, E. S., 1021 Cunningham, Corpus 
Christi, Texas 

*MIELENZ, RicHARD C., Petrographic Lab., 
Bureau of Reclamation, Federal Center, 
Denver, Colo. 

Miter, A. K., Iowa State Univ., Iowa City, 
Iowa 

MILLER, PAuL ME By, Carter Oil Co., Box 801, 
Tulsa, Okla. 

*MILLs, JoHN Howarp, 2520 Marconi, Sacra- 
mento, Calif. 

Mitts, LLoyp C., Box 1515, Midland, Texas 

Mitts, Norman K., American Stratigraphic Co., 
Casper, Wyo. 

*MIRIGLIANO, GIUSEPPE, Via E. de Marinis 1, 
Naples, Italy 

*MOoNAGHAN, PatricK HENRY, Humble Oil & 
Refg. Co., Box 2180, Houston, Texas 

Montcom_ErY, J. C., Box 2279, Houston, Texas 

MONTGOMERY, JAMES HARVEY, 9951 Lakemont, 
Dallas, Texas 

Moopy, CLARENCE L., 23 W.,Oak Dr., Houston, 


Texas 
Moore, Cart A., 926 W. Eufaula, Norman, Okla. 
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Moore, Davin G., 9440 La Jolla Sho 
Jolla, Calif. ’ res Dr., La 
— * RED E., 404 Cannon St., Lafayette, 
Moore, JAMES ROBERT, III, 32 R 
roca nbtiage: Mass, oberts Rd, 
OORE, PETER F., Shell Oil Co., Box 
gary, Alta., Canada 100, Cal- 
tMoore, Raymonp C., 1840 Stratford Rd., Law 
rence, Kan. ee 
*Moore, WALTER L., 2100 Bird St., Fort Worth 
- Texas - . P 
OREMAN, WALTER L., Magnolia P 
Box 900, Dallas, Texas . ~ 
Morey, Puiip S., Bureau of Economic Geology 
Univ. of Texas, Austin, Texas "By, 
MorcGan, AYLMER LEE, III, 608 Natl. Bank of 
Commerce Bldg., New Orleans, La. 
MorGRrIDGE, DEAN L., Humble Oil & Refg. Co 
610 High St., Eugene, Ore. ° 
*Morris, CHARLES B., American Overseas 
Petroleum Ltd., Posta Kutusu 52, Gazian. 
tep, Turkey 
Morris, RoBert W., Arabian American Oil Co 
Box 2576, Dhahran, Saudi Arabia . 
*Morris, WILLIAM J., Occidental College, Los 
Angeles, Calif. 
Morrison, RoBErRT E., Box 1379, Abilene, Texas 
Morrison, T. E., Humble Oil & Refg. Co, 
1037A Humble Bldg., Houston, Texas 
Morrow, A. LyNnpon, 910 Pioneer Bldg., Lake 
Charles, La. 
*Moss, JOHN HALL, Rt. 7, Box 619, Lancaster, 


a. 

Mvuery, WarRREN E., 3601 Travis, Midland, 
Texas 

Murr, J. LAWRENCE, 1609 W. Main, Enid, Okla. 

MunseEy, Gorpon C., JR., Atlantic Refg. Co, 
Box 1346, Houston, Texas 

MunyaNn, ARTHUR C., Box 2558, Billings, Mont. 

Mureny, DANIEL L., Standard Oil Co. of Texas, 
Box 632, San Angelo, Texas 

Murray, GRoveR E., Louisiana State Univ., 
Baton Rouge, La. 

Murray, Haypn H., Indiana Univ., Blooming. 
ton, Ind. 

Myers, Donan A., Rt. 4, Box 189, Austin, 
Texas 


NADEAU, Betty KELLETT, 57 Fernhill Ave, 
Buffalo, N. Y. 

*NAKKADY, S. E., Faculty of Science, Farouk 
Univ., Alexandria, Egypt 

NAnz, RoBerT H., JR., Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Texas 

*Nasu, NortyukI, Geological Institute, Univ. of 
Tokyo, Bunkyo-Ku, Tokyo, Japan. 

NATLAND, M. L., 18 E. Crest Rd., Rolling 
Hills, Calif. 

NELson, LLoyp A., Texas Western College, El 
Paso, Texas 

*NELSON, PauL Huan, 2001 C. & I. Life Bldg., 
Houston, Texas 

NEUMANN, Rosert B., Rm. 338, National Mu- 
seum, Washington, D. C. 

NEUSTADT, WALTER, JR., Westheimer-Neustadt, 
Box 974, Ardmore, Okla. 




















SOCIETY RECORDS AND ACTIVITIES 427 


wELL, NORMAN D., American Museum of 
Natural History, Central Park West at 
Seventy-ninth St., New York, N. Y. 

newsoM, Y. B., Gulf Oil Corp., Box 669, Ros- 
~~ well, N. Mex. ’ : 
snicHoLERIS, Nestor, Superior Oil Co., Box 
~~ 4031, Bakersfield, Calif. 

Nicnots, Paut H., Shell Oil Co., Box 2037, 


Tyler, Texas 
*NnE, OGDEN W., JR., 266 Scotland Rd., South 


range, N. J. 

a MATTHEW H., Walker 
Univ, of Chicago, Chicago, II. 
Norman, RoBert R., Box 682, Moab, Utah 
Norris, RoBERT M., Univ. of California, Santa 
~~ Barbara College, Goleta, Calif. 

Nosow, EDMUND, State Geol. Survey, Box 282, 
Hopkinsville, Ky. 

NurtaLL, BRANDON, 203 N. Ohio, Olney, III. 
NycrEN, WALTER Eric, Standard Oil Co. of 
Texas, 1600 City Natl. Bank Bldg., Houston, 


Texas 


NE 


Museum, 


*QGNIBEN, LEO, c/o Soc. Capizzi, Via del Giar- 
dino 3, Palermo, Italy 

O'Hara, JAMES F., JR., Rooter Springs Ranch, 
Cedar Valley, Texas 

*QINOMIKADO, TSUNETERU, 38, 1-chome Naga- 
saki-cho, Toshima-ku, Tokyo, Japan 

Otsson, AXEL A., 1906 Ferdinand St., Coral 
Gables, Fla. 

O'Mattey, F. Warp, Continental Oil Co., Box 
2197, Houston, Texas 

O'Mara, JARVIS HuGu, Frome-Broken Hill Co. 
Pty, Ltd. 95 Collins St., Melbourne, 
Australia 

OpreL, RICHARD EDWARD, Shell Oil Co., Box 
1509, Midland, Texas 

OsBorNE, JAMES G., JR., Union Oil Co., 444 
Sherman, Denver, Colo. 

Cane, Jom C., JR. Box 1346, Salt Lake City, 
Uta 

Orto, GeorGE H., 53 W. Jackson Blvd., Chi- 
cago, III. 

OverTON, CHARLES K., Stanolind Oil & Gas Co., 
Box 3092, Houston, Texas 

Owen, EpGar W., 532 Milam Bldg., San An- 
tonio, Texas 

Owens, Frith CRAvENS, 305 Wilson Bldg., 
Corpus Christi, Texas 


*PacGE, Lou WILLIAMS, Operations Research 
Office, G-3 Section, Hq. USA REAR, APO 
403, c/o Postmaster, New York, N. Y. 

PaINE, WILLIAM RHODES, Southwestern Louisi- 
ana Inst., Lafayette, La. 

*PALMER, ALLISON Ratpu, 625 Westcott Rd., 
Falls Church, Va. 

PALMER, KATHERINE V. W., 206 Oak Hill Rd., 
Ithaca, N. Y. 

Parvo, GEorGEs, Cuban Gulf Oil Co., Apt. 729, 

. og Cuba -_" 

ARKER, FRANCES L., Scripps Inst. of Oceanog- 
raphy, La Jolla, Calif. - 7” 

PARKER, FRANK S., Signal Oil & Gas Co., 811 
W. Seventh St., Los Angeles, Calif. 

PARKER, WILLIAM GiLMorE, Gulf Oil Corp., 
5311 Kirby Dr., Houston, Texas 





*PaRKS, JAMES M., Jr., Shell Devel. Co., 3737 
Bellaire Blvd., Houston, Texas 

PASQUELLA, GEORGE G., 420 Fidelity Bank 
Bldg., Oklahoma City, Okla. 

PassEGA, RENATO, Phillips Petr. Co., Bartles- 
ville, Okla. 

*PATMAN, WILLIAM Epwarpb, Richmond Ex- 
ploration Co., Apt. No. 93, Maracaibo, 
Venez., S. A. 

PAYNE, THomas G., The Texas Co., Box 2332, 
Houston, Texas 

PEcK, RAYMOND E., Univ. of Missouri, Columbia, 


Mo. 

PERKINS, Bos F., 4101 Hawthorne #4, Dallas, 
Texas 

PERUSEK, Cyrit J., 2405 W. Cuthbert, Midland, 
Texas 


PETERS, THEODORE C., Shell Oil Co., Box 2037, 
Tyler, Texas 

*PETERSEN, RICHARD G., U. S. Geol. Survey, 
Federal Center, Denver, Colo. 

PETERSON, JAMES A., Shell Oil Co., 33 Richards 
St., Salt Lake City, Utah 

*PETERSON, JOHN Epwarp, 530 S. Washington 
St., Paxton, III. 

PETERSON, MARVIN L., Shell Oil Co., Box 720, 
Casper, Wyo. 

PETRUSEK, BENJAMIN J., Stanolind Oil & Gas 
Co., Box 3092, Houston, Texas 

PETTERS, VIKTOR, International Petr. Co. of 
Colombia Ltd., Bogota, Colombia, S. A. 

PETTIJOHN, Francis J., Johns Hopkins Univ., 
Baltimore, Md. 

Petty, DaBNney E., 359 Beverly, San Antonio, 
Texas 

Petty, JoHN K., Western Natural Gas Co., 
2114 N. Main, Farmington, N. Mex. 

PFEIFFER, Davin H., Standard Oil Co. of Cali- 
fornia, 605 W. Olympic, Los Angeles, Calif. 

PHILLIps, Davin LEE, 935-C N. Union, Shawnee, 
Okla. 

Puitiips, Henry H., Stanolind Oil & Gas Co., 
Box 3092, Houston, Texas 

Puitiips, Scott H., The California Co., Box 
2606, Jackson, Miss. 

Pui_pott, THomas H., Olin Oil & Gas Corp., 
1022 Natl. Bank of Commerce Bldg., New 
Orleans, La. 

PHLEGER, FRED B., Scripps Inst. of Oceanog- 
raphy, La Jolla, Calif. 

*PICKETT, C. RODMAN, Richmond Petr. Co., 
Apt. Aereo 3631, Bogota, Colombia, S. A. 

PrercE, RicHarp Lacy, 5900 Cherry Ave., Long 
Beach, Calif. 

PIERSON, JOSEPH REGINALD, JR., 29 E. Broad 
St., Hopewell, N. J. : 
PINnsAK, ARTHUR P., State Geol. Survey, Indiana 

Univ., Bloomington, Ind. 

*PITRAT, CHARLES W., New Mexico Inst. of 
Mining and Technology, Socorro, N. Mex. 

PITTMAN, JAMES S., JR., 1624 Palma Plaza, 
Austin, Texas ; 

PitzER, Puittie M., Box 830, Breckenridge, 
Texas 

PLuMLEY, Witu1amM J., California Research 
Corp., Box 446, La Habra, Calif. 

POLLARD, ROBERT T., 815 American Natl. Bldg., 
Oklahoma City, Okla. 
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*PoLsON, IRVING L., International Petroleum 
whe Colombia Ltd., Bogota, Colombia, 

PORTERFIELD, RoBerRT R., 3045 S. Trenton, 
Tulsa, Okla. 

Powers, Maurice C., Bucknell Univ., Lewis- 
burg, Pa.. 

Pratt, WALLACE E., Box 209, Carlsbad, N. Mex. 

—— Wiis L., 217 South West St., Visalia, 

alif. 

Pray, Lioyp C., California Inst. of Technology, 
Pasadena, Calif. 

PRICE, CHARLES EpGar, JR., 911 Tech. Unit, Ft. 
Lee, Va. 

Puri, HARBANS S., State Geol. Survey, Drawer 
631, Tallahassee, Fla. 

Pye, WILLARD D., Box 2574, Fargo, N. Dak. 

Pyeatt, LLoyp M., Box 13176, Houston, Texas 

Pyre, AuGustiIn, Gulf Eastern Co., 75 Brook 
St., London, W. 1, England 


QuiGLEy, CLAuDE M., Jr., Standard Oil Co. of 
Texas, Box 1249, Houston, Texas 


Raascn, ALBERT C., Jr., Humble Oil & Refg. 
Co., Tyler, Texas 

*RaascH, GILBERT O., Canadian Stratigraphic 
Service, 705 Eleventh Ave., W., Calgary, 
Alta., Canada 

RABANIT, PAuL, Mozambique Gulf Oil Co., 
Caixa Postal 1242, Lourenco Marques, 
Mozambique 

RAINWATER, E. H., Route 1, Raymond Rd., 
Jackson, Miss. 

RAMSDELL, ROBERT C., 
Williamstown, Mass. 

RANKIN, WiLBuR D., 610 S. Broadway, Los 
Angeles, Calif. 

Rav, WELDON W., U. S. Geol. Survey, 4 Home- 
wood PI., Menlo Park, Calif. 

*RAYMOND, PAUL CLETUS, The Texas Co., Box 
817, Farmington, N. Mex. 

Rector, Griasco W., 2329 Hyacinth Lane, 
Wichita, Kan. 

REDMOND, CHARLES Davin, Arabian-American 
Oil Co., Dhahran, Saudi Arabia 

REED, EUGENE C., State Geol. Survey, Univ. 
of Nebraska, Lincoln, Neb. 

REED, Everett T., 452 Salem St., Glendale, 
Calif. 

REES, BARBARA LEIGH, 426 S. Chilton, Tyler, 
Texas 

REESE, JACK Everett, 4729 Graywood Ave., 
Long Beach, Calif. 

REESIDE, JOHN B., Jr., Box 177, Hyattsville, 
Md. 

REEVES, JAMES E., Sinclair Oil & Gas Co., Box 
521, Tulsa, Okla. 

REINHART, PuHiLip W., 72 Jasmine St., Denver, 
Colo. 

Reiter, F. H., Sohio Petr. Co., 1606 N. Broad- 
way, Oklahoma City, Okla. 

REITER, W. A., 1815 Bissonet St., Houston, 
Texas 

ReENz, HANS HERMANN, Mene Grande Oil Co., 
Apt. 709, Caracas, Venez., S. A. 

REPENNING, Cuar-Es A., U. S. Geol. Survey, 4 
Homewood PI., Menlo Park, Calif. 


Williams College, 
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*RESIG, JOHANNA Martna, 14 ] . 
, third St., Los Poasies, Calif. a Thirty. 
REULAND, ALBA MANDRA, Apt. 576, } . 
Venez., S. A. om Maracaibo, 
EVELLE, ROGE : ‘ista Del | 
a RoGER, 7348 Vista Del Mar, La Jolla, 
RExROAD, CARL B., Texas Technolog} 
- lege, Lubbock, Texas ological Col 
EYNOLDS, E. JULIUS, Humble Oil 
. ~_o F mnt Texas ° Relg. Co, 
EZAK, RICHARD, U. S. Geol. Survey 
Center, Denver, Colo. urvey, Federal 
RuoabeEs, SaM J., JR., Fordee Rhoades Oil ¢ 
1912 First Natl. Bldg., Tulsa, Okla. _ 
Ruopes, F. H. T., Univ. of Illinois, Urbana, Jl] 
Ruopes, Mary Louise, Standard Oil Co f 
Texas, Box 632, San Angelo, Texas ~~ 
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NOTICES 


The Florida Geological Survey will con- 


| duct a field trip for the Gulf Coast Section, 
Society of Economic Paleontologists and 


Mineralogists, under the leadership of 
Harbans S. Puri and Robert O. Vernon. The 
type Miocene localities in Panhandle Florida 
are to be visited. Participants will have 
sufficient time to collect the various sec- 


tions. 


| FIELD TRIP TO FAMOUS MIOCENE LOCALITIES IN PANHANDLE FLORIDA 


Headquarters for the trip will be Talla- 
hassee, Florida. Registration in Tallahassee 
is to be during the afternoon and evening 
of Thursday, May 3, at the Duval Hotel. 
A panel discussion of the Miocene sediments 
will be held on the evening of May 3. 
Further details can be obtained from the 
Survey, Box 631, Tallahassee, Florida. 


PERMIAN BASIN SECTION 


SOCIETY OF ECONOMIC PALEONTOLOGISTS 
AND MINERALOGISTS 


NEW OFFICERS: May, 1956 


President: HUGH N. FRENZEL 
Ist Vice-President: W. FRANK DAMERON 


2nd Vice-President: FRANK CONSELMAN 
Secretary: Tom SCHNEIDER 


Treasurer: EDwarD A. VOGLER 
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, -Non-Members, $3.00; Members, $2.50 per copy 





* Members of AAPG may purchase at member price. 


Annual Membership Dues, including the Journal of Paleontology ...........+..-...--,.-..% 8.00 
Asnval Membership Dues, including. the Journal of Sedimentary Petrology ...,............. $ 5,00 
s\linaual’ Membership’ Dues,” indlnding Both Jdurnalc .. «2.0... ce dee eee se ec ct ceceseed $13.00 
 Nou-Méditie? Shibse/tpeidull 10 Joursial of Paleontology .................. $15.00; Foreign, $15.40 
‘Non-Member Subscriptions to Journal of, Sedimentary Petrology .......... $ 6.00; Foreign, $ 6.40 


Agents are allowed a 10% discount on back numbers and subscriptions. 
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WHAT'S THE SHAPE OF THE HOLE?” 
There comes @ time on every well wher “it's money in the bank” if you know the shape of the hole, 
A cavity here . .. @ mud cake there . . . im other places the hole to gauge. All. this, 

you see at a giance in the Schlumberger Section Gauge Survey. information which is often — 
essential for testing, cementing and log interpretation. 

The Schiumberger Section Gauge gives you details about the hole size to a diameter of 36 inches. 3 
Its dependable operation has guided thousands of operations to successful completion, 

When in doubt, call your Schlumberger Engineer. It’s best to be sure on every survey, ae 


SCHLUMBERGER. 
ee 


* Well Surveying Corporation 


THE EVES OF THE OFL iNoUSsTRY 








